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© Method and apparatus for heterogeneous chemilumlnescence assay. 

® Apparatus and method for performing a chemiluminescende assay involving the immobilization of a 
chemiluminescerrt reaction complex to a solid, porous element The solid, porous element is preferably treated 
to provide an immobilizing interaction with the chemiluminescent reaction complex wherein the chemilumines- 
cent reaction complex is thereby immobilized to the solid, porous element The activating and reading of the 
chemiluminescent reaction are separately performed by evenly distributing a concentrated chemiluminescent 
activating solution to form a puddle on the surface of the porous element to which the chemiluminescent reaction 
complex is immobilized. 
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METHOD AND APPARATUS FOR HETEROGENEOUS CHEMILUMINESCENCE ASSAY 



Background of the Invention 



The present invention relates to methods and apparatus for measuring a chemiluminescent signal from 

s a solid surface. In particular, the present invention relates to methods and apparatus for use in heteroge- 
neous immunoassays wherein a chemiluminescent signal provided by the immobilized product of an 
immunochemical reaction from a solid, porous matrix is measured. 

Several automated chemiluminescence instruments use photographic means and a densitometer for 
recording signal. Vogelhut, U.S. Patent No. 4,231,754; Whitehead, et al., U.S. Patent No. 4,593,728; Thorpe, 

w et al. f Clin. Chem. , 30 . 806, (1984); and Bunce, et al., Analyst , 110 . 65 (1985). 

Clear coated microtitration plates as a solid phase with trigger solution port and detector at opposite 
sides of the plate well may also be employed in such instruments. Holley, European Patent Application 
025.350; and Schroeder, et al., Clin. Chem., 27, 1378-1384 (1981). This technique is severely limited due to 
the slow reaction rates resulting from the limited diffusion of analyte molecules to the capturing solid phase. 

is Use of this approach has been of limited sensitivity and is generally employed in reactions involving the use 
of ATP and luminoRype tracers. 

Magnetizable microparticles and magnetic separation in a test tube may be followed by reading the 
signal of the suspended particles in a tube luminometer as is found in the commercially available MagicTW 
Lite system distributed by Ciba-Corning Diagnostics. Because the brown colored microparticles optically 

20 interfere with the chemiluminescent signal, a very low mass of these particles is used. This leads to very 
slow reactions. For example, an assay for thyroid stimulating hormone (TSH) is reported to have a three- 
hour incubation time. In addition, many manipulation steps are involved, making this assay configuration 
difficult to automate. Other luminometers in which the signal is generated in a test tube are sold by 
Berthold, Hamilton, Turner Design and Analytical Luminescence. 

25 Enhanced chemiluminescent reactions in a white microtitration plate followed by reading the generated 
signal in a luminometer having a moving mask and photomultipiier tube are described in Lisenbee, et al., 
European Patent Application 194,102 and are incorporated in the AmerliteTM system sold by Amersham Inc. 
This latter technique suffers from the same limitations of an ELISA assay in a coated plate, namely the slow 
diffusion rate of the reactants to the capture phase. 

30 

Summary of the Invention 

35 The present invention provides a method for directly exciting and measuring a chemiluminescent signal 
emanating off an immune complex immobilized on or in a solid, porous element that is used as a separation 
means in a heterogeneous immunoassay and an apparatus for performing this measurement. More 
specifically, it provides an automated means for performing heterogeneous chemiluminescent immunoas- 
says of high sensitivity. 

40 The present invention provides a method and apparatus for measuring a chemiluminescent signal 
produced by an immobilizable immune complex comprising analyte from a test sample which is capable of 
being immobilized by a solid, porous element In particular, analyte is captured in a liquid phase using 
microparticles or polyionic capture agents having a binding affinity for the analyte wherein the captured 
analyte is subsequently immobilized by the porous element and a chemiluminescent signal is chemically 
45 excited and detected. Accordingly, the method of the present invention advantageously employs fast 
diffusion rates in solution to provide highly sensitive assays for a wide range of analytes. 

The apparatus for performing a chemiluminescent assay according to the present invention includes a 
container having an aperture and a solid, porous element, preferably in the form of a fibrous matrix, capable 
of immobilizing a chemiluminescent generating reaction product complex while, at the same time, permit- 
so ting th passag of other reaction components which are not immobilized by the porous matrix. The 
reaction product is immobilized by th porous el ment through particulat reactants or as th result f an 
interactive property between the porous element and the reaction product, such as hydrophilic-hydropholic 
binding interactions, ionic binding interactions, and the lik . A detection d vice is situated adjacent to th 
container which moves to creat a light-tight seal with the container to allow low light level 
chemiluminescence measurem nts. The detection device includes means for evenly distributing a 
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chemiluminescent activating solution to the porous element Th ap rture may be funn l-shaped and th 
means for applying the activating solution may include ports disposed toward an interior surface of the 
funnel. 

The various methods known in the art for forming heterogen ous binding reaction systems can be 
followed in applying the method and apparatus of the present invention where a chemiluminescent label is 
employed as the labeled reagent. Typically, the assay reagents for performing such assays may take many 
different forms, but. in general, comprise (1) the analyte to be detected, (2) a specific binding partner for the 
analyte, and (3) a labeled reagent, which can be the same or different as the binding partner for the analyte. 
The assay reagents are generally combined simultaneously, or sequentially, wherein the labeled reagent 
becomes bound to its corresponding binding partner such that the extent of binding is a function of the 
amount of analyte present Typically, the bound species and the free species are physically separated from 
each other and the amount of label present in either fraction thereof is determined by measuring the activity 
of the particular label being used. Such methods include those known as the competitive immunoassay 
binding technique, the sandwich immunoassay technique, and the immunometric technique. In all of these 
heterogeneous immunoassay systems, separation of the free and bound species of the labeled reagent is 
normally accomplished by immobilizing one of such species. 

A method for performing a chemiluminescent assay according to the present invention includes the 
steps of binding an analyte to a chemiluminescent complex, binding the analyte-chemiluminescent complex 
to a particulate support having binding sites for the analyte-chemiluminescent complex to form an 
immobilizable reaction complex, contacting the immobilizable reaction complex with the porous element, 
and evenly distributing a chemiluminescent activating solution on the porous element to provide a 
chemiluminescent signal which is measured and correlated to the amount of analyte in a test sample. 

Preferably, a method for performing a chemiluminescent assay according to the present invention 
includes the steps of binding an analyte to a chemiluminescent complex, binding the analyte-chemilumines- 
cent complex to an ionic moiety to form an immobilizable charged reaction complex, and contacting the 
charged reaction complex, with a solid, porous element having an ionic charge opposite to that of the 
immobilizable charged reaction complex whereby the charged reaction complex is immobilized by the solid, 
porous element as a result of the ionic binding interaction therebetween. A chemiluminescent activating 
solution is then evenly distributed on the porous element to provide a chemiluminescent signal which is 
measured and correlated to the amount of analyte in a test sample. 



Brief Description and Drawings 



Figure 1: Side view of the chemiluminescent detection device according to the present invention. 
Figure 2: Isometric view of a preferred configuration of the detection head of the detection device 
according to the present invention. 

Rgure 3: Cross-sectional view of the detection head shown in Rgure 2. 

Figure 4: Cross-sectional view taken along the perpendicular axis of the detection head shown in Rgure 
2. 

Rgure 5: Exploded view of the bottom of the detection device according to the present invention. 
Rgure 6: Perspective view of the lifter mechanism of the detection device according to the present 
invention. 

Rgure 7: A schematic diagram of the detection device according to the present invention. 

Detailed Description 



According to the present invention, heterogeneous chemiluminescent immunoassays may be easily 
automated, and hence their precision and accuracy improved, by generating and directly detecting a 
chemiluminescent signal from the separated reaction complex immobilized on a solid, porous element 
without the need to transfer the separated complexes to a tube or use a tube luminometer. The primary 
capture reaction is performed in the liquid phase to mak use of th improved diffusion conditions in the 
liquids, and th immobilizabl r action complex is immobilized by th porous element as a r suit of an 
interaction between the immobilizable reaction complex and the porous elem nt, such as a hydrophobic 
interaction, anionic interaction, and the like. The chemilumin sconce signal is generated from the porous 
element and is detected by a det ctor facing on side of the porous lem nt and in clos proximity to it, 
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while the reactipn products which are not immobilized, i.e. chemituminesc nt binding complex not bound to 
th analyte, are disposed of by an absorbant matrix pad in intimate contact with th oth r sid of the porous 
element. The porous element is an integral part of a disposable device that comprises reaction chambers 
and separation and detection chambers. The detector device has a shroud which surrounds the separation 
s and detection chamber and creates a local light-tight compartment where a chemiluminescence signal is 
generated and detected. Either shroud or the whole assembly are movable in the Z-direction to affect a 
light-tight seal. 

The solid, porous element of the present invention is preferably in the form of a fibrous matrix and is 
used to immobilize the immobilizable reaction complex as a result of the interaction therebetween, from 

io which an assay signal can be generated. The porous element can be selected from woven fibrous materials 
such as glass, cellulose, nylon or other natural or synthetic material known to those skilled in the art It can 
be also chosen from porous glass or ceramic fritted disks or polymer fritted disks. Material choice, 
dimensions and pore size of these porous elements can be easily selected by those skilled in the art, to 
provide an effective pore size and adequate void areas to permit proper flow of unreacted reagents and 

75 sample through the porous element. 

Where the porous element is employed in an ion capture procedure, it is treated with a water soluble 
polycationic polymer. Choice of the water soluble polycation, amount of polymer, method of application can 
be determined by those skilled in the art. Derivatization of the surface of the porous element to generate 
positively charged groups and application of surface treatment techniques such as plasma treatment can 

20 also be contemplated and used by those skilled in the art An important criterion is that the porous element 
is made from transluscent or white material thus it will not absorb or attenuate the emitted chemilumines- 
cent signal. 

A preferred fibrous material is H&V product No. HC 4111 glass fiber filter paper, which has a nominal 
thickness of 0.055 inches and is commercially available from Hollongsworth and Vose Co., East Walpole, 

25 Massachusetts. The effective pore size of the fibrous matrix or the spatial separation of the fibers is 
chosen to be larger than the diameter of the microparticles employed in the assays. Spatial separation of 
larger than 10 microns is preferred. This is to assure that even after the immobilizable reaction complex is 
immobilized on the fibers, adequate void areas still exist for proper flow of reagents and sample through the 
fibrous matrix, which in turn prevents fluid retention on the surface of the matrix which, for example, 

30 protects the detection device against possible trigger solution splashing. 

Ion capture procedures for immobilizing an immobilizable reaction complex with a negatively charged 
polymer tail, as described in copending U.S. Patent Application Serial No. 150,278, entitled "Ion Capture 
Assays and Devices," filed January 29, 1988, both of which are incorporated by reference herein, can be 
employed according to the present invention to affect a fast solution-phase immunochemical reaction. An 

35 immobilizable immune complex is separated from the rest of the reaction mixture by ionic interactions 
between the negatively charged poly-anion/immune complex and the previously treated, positively charged 
porous element and detected by the method described in the present invention. 

Acridinium sulfonamides labeling chemistry, as described in copending U.S. Patent Application Serial 
No. 371,763 entitled "Chemiluminescent Acridinium Salts", filed June 23, 1989, incorporated herein by 

40 reference, may be employed according to the present invention for making a stable luminescent tracer of 
high quantum yield. 

Alkaline phosphatase labeling techniques known in the art and use of dioxetane catalyzed 
chemiluminescence may be also used according to the present invention to generate a long-lived signal 
that can be integrated to yield high sensitivity assays. 
45 Cherriiluminescent moities can be used as probes or labels in a specific binding assay. For example, 
such chemiluminescent label can directly react with an activating reagent to generate a light signal, such as 
acridinium sulfonamides. Alternatively, such chemiluminescent label serves as a catalyst to accelerate the 
generation of light from a substrate, such as alkaline phosphatase! peroxidase and beta-galactosidase. 
The combination of these techniques are particularly useful to permit a simple, rapid, highly sensitive 
so immunoassay method for the determination of viral particles, macromolecular antigens and haptens. One 
such assay for Hepatitis B Surface antigen has sensitivities which exceed those of other methods. For 
example, one such type of chemiluminescence immunoassay for Hepatitis B surface antigen (Clin. Chem, 
27, 1378-1384, 1981) involves two incubation periods, 1.5 hours each, and has a lowest limit of detection of 
2ng/mL A lowest limit of detection of 1 ng/mL is achieved by increasing the incubation time to 16 h urs. 
55 Using the method and detection device described according to the pres nt invention, sub-nanogram 
quantities of Hepatitis B surface antigen may be detected within a total assay time of less than ne hour. 

According to a preferred embodiment of the pres nt invention, a sandwich immunoassay is performed 
mpl ying a polyanionic acid such as polyglutamic acid which is attached to an antibody to the analyte 
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under determination, and added to a reaction v ssel, either simultan ously or sequ ntially, with the analyt 
from a test sample and a chemiluminescent-labeled antibody. The reaction mixture is incubated for a period 
of tim and under conditions which maximiz the specific binding reaction. The reaction mixture is 
transferred to a separation and detection chamber. Transfer of the reaction mixture into the separation and 

5 detection chamber can be achieved by mechanical means such as a manual or automated pipettor or by a 
non-contact hydraulic or fluidic means such as described by co-pending U.S. Patent Application Serial No. 
184,726, entitled "Device and Methods for Performing a Solid-Phase Immunoassay", filed April 22,1988. 
incorporated herein by reference. 

The chemiluminescence signal from acridinium labeled assays is triggered and simultaneously detec- 

10 tion on the porous element in the light-tight compartment formed from the disposable device and the 
detector head. The signal is integrated over a period of time longer than the sum of the rise and decay 
times of the chemiluminescence signal, and longer than the residence time of the triggered reaction mixture 
in the porous element. 

Alternatively, a sandwich immunoassay can be performed employing a polyanionic acid such as 

is polyglutamic acid which is attached to the antibody and added to a reaction vessel, either simultaneously or 
sequentially, with an enzyme-labeled antibody or antigen. Alkaline phosphatase or 0-galactosidase-labeled 
antigen or antibody may be used. The reaction mixture is incubated for a period of time and under 
conditions which maximize the specific binding reaction. The reaction mixture is similarly transferred to a 
separation and detection chamber as described above and a chemiluminescent indicator added thereto to 

20 generate a chemiluminescent signal from the porous element in the separation and detection chamber 
before it is mated with the detector head to form the light-tight compartment where the chemiluminescence 
signal is detected. The signal is integrated over a period of time that is generally shorter than the residence 
time of the luminescent reaction mixture in the porous element 

According to the present invention, incubation and separation steps take place in two independent 

25 compartments. This limits the time during which the sample and conjugate are in contact with the porous 
element and the walls of the detection compartment Thus the amount of sample and labeled reagent that 
binds non-specifically to the porous element and the wall of the separation and read compartment is 
substantially reduced as compared to incubation, wash and detection in the same well, as described in U.S. 
Patent No. 4.652,533, J. Immuno. Methods, 67, 21-35 (1984), or Clin. Chem. 32, 1682-1686 (1986). and, 

30 accordingly, improves aisay sensitivity. 

A preferred device for performing the incubation and transferring the reaction mixture into the read well 
is that described in a co-pending U.S. Patent Application entitled "Automated Method and Device for 
Performing a Solid Phase Chemiluminescent Assay" (Docket No. 4574.US.PI), filed on even date herewith, 
incorporated by reference herein. Such device comprises a funnel-like structure, a porous element, and an 

35 absorbant material, which are assembled to provide intimate contact between the porous element and the 
absorbent material, as well as adequate venting of air displaced by fluids absorbed in said absorbent 
material. The capacity of the absorbent material is chosen to be larger than the total volume of sample, 
reagents and wash solution used in the assay steps. This ensures adequate washing of the retained 
reaction product, prevents excessive fluid retention on the porous element, and helps to protect the 

40 detection device against possible trigger solution splashing. The funnel-like structure and the porous 
element are parts of the light-tight compartment formed when the device is mated with said detector head 
of the present invention to detect a chemiluminescence signal generated on the porous element. 

It is to be understood that one skilled in the art can design other reaction vessels that incorporate a 
porous element for retaining the reaction complexes of an immunochemical reaction as described herein, 

45 other means for transferring the reaction mixture and other means for disposing of the excess reagents and 
wash solution such as vacuum and pressure means, that can be used with the detector head of the present 
invention. 

An example of the chemiluminescence detection device is illustrated in Figure 1. The detector device 
consists of a frame (4), a detector head (5), a flexible diaphragm (6), and a lifter mechanism (7). The frame 

so allows mounting the detector assembly on a thermostated tunnel where a timing belt moves a plurality of 
disposable reaction devices at a given step rate. The detection head (5) consists of a shroud (10), and ports 
for fluid lines (11, 12). The lifter mechanism (7) moves shroud (10) up and down on a Z-axis. The down 
movement affects a light seal with the separation and detection chambers of a disposable tray where a 
chemiluminescence signal is g n rated and d tected, and the upward movement is to clear the disposabl 

55 to allow its free movement to other positions at the end of measurement 

Figure 2 shows an isometric view of a preferred configuration of the detection apparatus that is 
designed to accommodate the pref rred disposable reaction tray of co-pending U.S. Patent Application 
entitled "Automated Method and Device for Performing A Solid-Phase Chemiluminescent Assay" (Docket 
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No. 4574.US.PI). filed on even date herewith and incorporated by reference herein, which contains two rows 
of separation and read w lis at a 36 mm center to center distance. It is to b understood, of course, that 
one skilled in the art can redesign the nv tope of the detection head to mate with other shapes of 
disposable devices. 

5 The shroud (10) is made from machined aluminum or cast polyurethane, and comprises four ports for 
trigger solution injection outlets (11-14). two optical detection modules (15, 16), and two boxes (17, 18) 
containing photon counting amplifiers and electric leads for antifog heaters (19). Attached to shroud (10) is a 
flexible black rubber diaphragm (6) of Figure 1 that allows the free vertical movement of the shroud (10). 
A cross-sectional view of the signal detection module is shown in Figure 3 and comprises a light guide 

70 (20), light-pipe protecting sleeve (21). injectors (22, 23) that are connected to two of the black Teflon® fluid 
lines (11-14) of Figure 2. photomultiplier tube (PMT) (24), a photomultiplier tube socket (25) and a collar for 
holding the PMT socket (26). The PMT is spring-loaded by a 302 stainless steel spring wire (27) to ensure 
proper spacing from the light pipe and is protected from moisture by two O-ring seals (28 and 29). O-rings 
(30 and 31) fix the light pipe (20) in space and protect the face of the PMT from moisture. O-ring (30) is 

75 preferably made of a material with high dielectric constant to prevent Ohmic leakage at the photocathode. A 
mumetal shield (32) surrounds the PMT, with a nylon spacer (33) inside (32) which protects the PMT during 
assembly. The mumetal shield (32) is kept electrically isolated by use of two O-rings (34,35) and a Teflon 
sleeve (37) to separate it from the outer housing. An electrically conducting outer housing (38) protects the 
detection module. The bottom of shroud (10) has a groove (39) that locates the surface feature on the 

20 disposable device and a light sealing gasket (40) of Figure 4, The light sealing gasket is made of black inert 
compressable polymer. A preferred material is a nylon nap on a rayon backing COE7-1673 (Schlegai 
Corporation, Rochester, NY). Two low wattage anti-fog heaters (41,42), are used to create a temperature 
gradient in the vicinity of the light pipe to prevent any condensation on the light pipe during the 
measurement. 

25 Rgure 4 is a cross-sectional view taken along the side of the detector device of the present invention 
and shows the two detector assemblies, shroud (10), groove (39) and light sealing gasket (40), the anti-fog 
heating elements (41,42) and the end of an injector tip (22). Rgure 5 is an exploded view of the bottom of 
the shroud (10), showing the light seal groove (39) and the light sealing gasket (40). 

The lifter mechanism assembly (7) of Rgure 1 is shown in Rgure 6 and comprises an AC permanent 

30 magnet synchronous motor (50), a stainless steel shaft (51) and a cam (52) to control the vertical 
displacement of lifter. A stainless steel cam follower roller (53) mounted in the lifter arm (54) is in contact 
with the cam. A stainless steel guide bar (55) is part of the base and is in combination with stainless steel 
rollers for guide bar (56, 57). The stainless steel post or shaft (58), guide bar (55) and guide bar rollers (56, 
57) ensure precise movement along the Z-axis without X or Y movements or rotation around the Z-axis. A 

35 slotted aluminum disk (60) and two diametrically opposed opto-sensors (61, 62) to control motor stops for 
full-up and full-down shroud positions. Shroud down flag (63) and shroud down sensor (64) ensure the 
engagement of the detector head with the disposable device. Holes (65. 66) are attachment points to the 
shroud (10) of Rgure 2. 

As shown in Rgure 3, the terminuses of the injection ports (22, 23) are directed towards the walls of the 

40 detection chamber. The distance these ports protrude beyond the lower surface of the light pipe (20) is 
0.213 inches. The lower end of the light pipe (20) is 0.435 inches above the surface of the porous matrix. 
Light pipe (20) is 8 mm in diameter and may be made of a quartz, glass or polished plastic rod having a 
length of approximately 3 inches long. 

As indicated in Rgure 7, a trigger solution injection device (70) is used such as, for example, a piston 

46 pump such as FMI RH pump (Ruid Metering Inc.. Oyster Bay, NY). A TeflonTM tube (71) having an inner 
diameter of 0.03 inches and an outer diameter of 0.062 inches (Cole Palmer, Chicago, IL) carried trigger 
solution from pump to a selonoid operated three way valve (72), (Angar Scientific, Florham Park, New 
Jersey]. A trigger solution was diverted employing TeflonTM tubes (73, 74) to two 2-outlet manifolds (75, 
76). A Minstac multiport manifold (Lee Company, Westbrook, CT) was used. Two lines per manifold (77, 78) 

so and (79, 80) made of TeflonTM tubing having an inner diameter of 0.5 mm and an outer diameter of 1.59 
mm (Anspec Inc., Ann Arbor, Michigan), carried the trigger solution from manifold to injection ports. For 
acridinium labeled chemiluminescence reactions, alkaline peroxide solution 80-100 uL was injected through 
the manifold onto separation and detection chamber at a rate of less than 500 uL per second. 

The trigger solution was dispensed from two injector ports (22, 23), shown in Rgure 1, at 180 degrees 

55 to each other. Choosing an injecti n speed less than 500 uL per second through a 0.5 mm inner diamet r 
injection pr v nted back-splash of th trigger solution towards the signal pick-up optics. This was verified 
by examination of high speed video recordings of th injection process. 

A R647-04 head-on photomultiplier tube (24) (Rgur 3) and an E849-35 sock t (25) and magn tic shield 
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E989-09 (32) (Hamamatsu Inc., Middlesex, NJ). The PMTs were powered to approximately 1040 V using a 
high voltage power supply (82) (Figur 7) (Model PMT-20A/N Option 3, B rtan Associates, Hicksville. NY). A 
±12 V DC pow r supply (81) (Figure 7) (Part#12EB50, Acopian Inc.. Easton, PA) was used to power the 
high voltage power supply. Th amplifier boards w re powered by two isolated ± 5 volts power supplies 

5 (83) (Part#5EB 100, Accopian Inc., Easton, PA). 

The photon counting amplifier boards (84, 85) comprises a 12 MHz vidio amplifier MC 1733 CP 
(Motorola Inc., Semiconductors Division, Phoenix, AZ), an AM 686CN high speed comparator (Advanced 
Micro Devices, Sunnyvale, CA) is used as a discriminator, and the resultant TTL signal is divided by two 
using a 74F74 flip flop. The output drives a HFBR 1524 fiber opic transmitter (Hewlett Packard, Palo Alto, 

10 CA). The digital signad was carried on a fiber optic link to an HFBR-2524 fiber optic receiver, all are 
components of a HFBR-0501 kit from Hewlett Packard, Palo Alto, CA. The fiber optic link carries the digital 
signal to the counter/timer board, thus avoiding any noise pick-up or ground loop effects on this circuitry. 
The start count signal, integration time, trigger pump star/stop and trigger signal counting were controlled 
by the counter/timer board. The counter/timer board was designed and built using prior art designs and 

75 components. Those skilled in the art can easily design equivalent circuits. 

The counter/timer board and the trigger solution pump are controlled by a micro computer as, for 
example, an IBM pc-XT (IBM Corporation, Boca Raton, FL), or an Intel 310 development system (Intel 
Corporation, Sunnyvale, CA) through a standard prior art interface. 

Polyion-bound immune complexes are attracted to the oppositely charged porous element and then the 

20 porous element is washed with water or aqueous solution containing detergents and/or salt compositions to 
maximize efficiency of washing unreacted sample and label away from the porous element. Wash solution 
volume is chosen to be several times the volume of the reaction mixture, preferably about three times that 
volume. Wash solution composition is chosen to decrease non-specific binding and to increase assay 
sensitivity. Thus water, saline solution, or hypertonic buffered salt solutions can be used. Number of wash 

25 cycles are also important to assay sensitivity, thus applying multiple aliquots of wash solution is preferred. 
Prewetting the porous matrix with wash solution or a proteirv-containing solution may also help in decreasing 
non-specific binding and increasing specific binding. 

The apparatus of the present invention can be used to detect short-lived alkaline peroxide triggered 
chemiluminescences such as acridinium label chemiluminescence or long-lived dioxetane 

30 chemiluminescence, such as described by WO 881 00694 and EP 0-254-051-A2. In the case of short-lived 
chemiluminescence, activating the CL signal is affected within the light-tight compartment created by 
mating the detector device with the disposable device. Thus, trigger solution injector ports, fluid lines, 
manifolds and pumps are an integral part of the detection device. Long-lived dioxetane-type 
chemiluminescence is generated by adding an enzyme specific chem [luminescent substrate to the enzyme- 

35 labeled immune complex on the porous element. An example is the commercially available alkaline 
phosphatase substrate 3-(2'-spiroadamantane)-4-methoxy-4-(3' , -phosphoroxy)phenyl-1,2-dioxetane disodium 
salt (AMPPD) from Tropix Inc., Bedford, MA. The substrate can be incubated before the disposable device 
engages the detector head and start of signal integration. The total signal intensity is integrated over a 
portion of the intensity-time curve. 

40 The acridinium sulfonamide labeled chemi luminescent reaction is triggered on the porous element by 
alkaline peroxide solution using the two injectors in the detection device. Trigger solution injection ports 
may be made from chemically inert material that is not affected by high alkaline peroxide concentrations. 
Preferred materials for fabricating these injectors are TeflonTM, Kel-FTM, nylon, ultra high molecular weight 
polyethylene or TeflonTM-coated stainless steel. The assembly of injectors, light guide and the porous 

45 element is light tight and the aperture of the light guide is in close proximity to the surface of the porous 
element. A preferred geometry is to have two trigger solution injectors at 180° to each other on the 
periphery of the light guide. The light guide may be made of optical quality plastic, glass, quartz or a highly 
polished hollow metallic tube. The light guide directs emitted chemiluminescence signal to the photo 
detector. 

so The trigger solution is directed towards the walls of the separation and detection chamber in the 
disposable and is injected at such a slow rate to minimize splashing of the fluid towards the light pick-up 
optics. Injection rates of less than 500 jllL per second are preferred. The trigger solution flows down the 
walls of the detection chamber to the porous element from more than one direction to form a puddle of fluid 
that uniformly diffuses through the porous element. 

55 Th volum of trigger solution is chosen to be slightly larger than th fluid capacity of th porous 
element. Thus volumes in the rang of 50-100 uL ar pref rr d. Signal integration tim s longer than th 
r sidenc time of th triggered reaction mixture in the porous lement are used. Th chemiluminescent 
reaction takes place on the surfac of the porous lem nt as w II as from in the int rstice of porous 
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element 

Hydrogen peroxide concentration in the alkaline peroxide solution used to trigger the chemilumin scent 
reaction on the porous I m nt is kept at 0.1-1.0% by volume in 0.25 N sodium hydroxid solution. A 
preferred concentration is 0.3% hydrogen peroxide solution in 0.25 N sodium hydroxide solution. Typically 

s chemiluminescent reactions in solution are triggered with alkaline hydrogen peroxide containing approxi- 
mately 0.03% by volume hydrogen peroxide in 0.1-0.25 N sodium hydroxide solution. Higher peroxide 
concentrations of the trigger solution generate higher signal in a short period of time before triggered 
reaction mixture diffuses through the porous element. 

Alkaline phosphtase/dioxetane chemiluminescence can be triggered outside the detector head and the 

70 signal is collected after the enzyme substrate reaction reaches a steady state. In this case trigger solution 
pump, lines and injectors are not used. Signal is collected after the detection head mates with the 
disposable as is indicated by a signal from the shroud-down sensor. Alternatively the signal is collected in a 
rate mode. The trigger solution pump and lines can be used to deliver the substrate solution and the 
change in CL intensity as a function of time is calculated by performing a series of short duration readings 

15 over a period of time. Preferred enzyme labels and substrates are alkaline phosphatase and 3-(2- 
spiroadamantaneH-methoxy^s'-phosphoryloxyJphenyl-l^-dioxetane (AMPPD) substrate. 0-galactosidase 
can also be used as a label and 3-(2'-spiroadam£mtane)-4-methoxy-4-(3*-i3-D'-galactopyrano-yloxy)phenyl- 
1,2-dioxetane (AMPGD) can be used as a substrate. 

The light pipe directs emitted chemiluminescent signal to a photomultiplier tube and detection 

20 electronics. A preferred signal collection method is the use of single photon counting techniques. Detecting 
low light level signals is known to those skilled in the art. Cooled photodiodes, avalanche photodiodes, 
intensified vidicon tubes or microchannel plates can be substituted for the photomultiplier tube without 
deviation from the spirit of the invention. A preferred light guide configuration is a highly polished quartz rod 
8 mm in diameter and 0.5-to 3 inches long. The length of the light pipe is not important as it is chosen for 

25 packaging convenience. Other light guide configurations such shaping the end of the rod to encompass a 
lens-like structure, use of a prism shaped terminus, use of fiber optic bundle or gradient index lens can be 
contemplated and applied by those skilled in the art and does not deviate from the spirit of this invention. 

The present invention will now be illustrated, but is not intended to be limited, by the following 
examples: 

30 

Example I 



35 

Precision Activating And Measuring Short-Lived Acridinium Chemiluminescence In A Glass Fiber 

Matrix 

40 The precision of measuring a short-lived chemiluminescence signal in a porous element was deter- 
mined as follows: 

50 uL of acridinium labeled anti-HBC antibody conjugate solution (Hepatitis B Core antigen Clinical 
Lots) were manually dispensed on a glass fiber matrix in each of 16 separation and detection wells of a 
disposable reaction tray such as described in a co-pending U.S. Patent Application entitled "Automated 

45 Method and Device for Performing A Solid-Phase Chemiluminescent Assay" (Docket No. 4574.US.C1), filed 
on even dated herewith and incorporated by reference herein. Trigger solution was a prepared by dissolving 
tablets containing urea peroxide in 0.25 M sodium hydroxide to yield effective peroxide concentration of 
0.3%. The tray was moved under the detector head device of the present invention. The detector head was 
lowered to mate with the first two wells of the disposable tray and create a light-tight compartment. The 

so high voltage to the PMTs was gated on and allowed to equilibrate for 3 seconds. Dark counts were then 
collected on one of the PMTs for 6 seconds. The trigger pump was activated and the valve directed the 
trigger solution to the separation and detection well under this PMT. 85 uL of 0.3% alkaline peroxide 
solution w r injected through the two injectors and the trigg red signal integration started simultan ously 
and continued for 6 secondsJntegrating The dark counts of the second PMT was then started for 6 seconds 

55 followed by activating and simultaneously counting the chemiluminesc nee signal for 6 seconds. The 
detector head was then lifted upward to clear th tray and the tray advanced so that two new w lis were 
located under the detector head. The detector head was lowered and the process of dark count and 
triggered counts was repeated on the rest of the 8 rows of w lis on the disposable reaction tray. Th data is 



8 



EP 0 424 634 A2 



shown in Table 1 . 

Tabl 1 



5 



10 



Precision Activating And Measuring 


Short-Lived Chemilumlnescence From 


Acrldlnlum Labeled Anti-HBC In a Glass 




Fiber Matrix 




Side A 


Side B 


Dark 


Trigger 


Dark 


Trigger 


counts 


counts 


counts 


counts 


39 


38275 


37 


35548 


29 


40177 


38 


34476 


57 


40244 


34 


34348 


31 


39742 


31 


34650 


39 


40141 


31 


34952 


35 


39615 


38 


33780 


35 


40306 


32 


34990 


28 


39839 


41 


34523 


Mean 37 


39792 


35 


34658 


SD9 


663 


6 


186 


%CV 


1.7 




1.5 



The low dark counts indicate that a light tight seal has been achieved between the disposable device and 
the detector head. The low %CV indicate the reproducibility of activating and detecting a short-lived 
chemiiuminescence signal within a porous element. 



Example II 



35 



Reproducibility Activating And Measuring A Chemiluminescent Signal From Luminescent Micropar- 

ticles Immobilized On A Porous Element 



Acridinium sulfonamide labeled antibody to Hepatitis B core antigen (pooled, 5 ug/mL), was diluted in 
conjugate diluent, containing 50% fetal calf serum (Abbott Laboratories, North Chicago. IL), 2% human 
plasma, 0.1% Tween®-20, 0.1% ethylenediamine tetra acetic acid and 0.1% sodium azide in phospate 
buffered saline, pH 6.8. The final conjugate concentration was 150 ng/mL Carboxylated polystyrene 
microparticles coupled to antibody to Hepatitis B core antigen as an undercoat and then with recombinant 
Hepatitis B core antigen were pooled from lots prepared for clinical trials and contained 0.3% solids by 
weight Microparticles were suspended in phosphate buffered saline (Abbott Laboratories, North Chicago, 
IL), pH 7.2, containing 16% sucrose. A 0.1% solution of Tween®-20 in phosphate buffered saline, pH 7.2, 
was used as a transfer solution. Luminescent microparticles were prepared by mixing 50 mL of conjugate 
solution and 50 mL of microparticles suspension. The reaction mixture was incubated in a water bath at 
40° C for two hours. It was then let stand at room temperature for 24 hours to ensure complete binding of 
acridinium sulfonamide labeled antibodies to the antigen labeled microparticles. 

100 uL of luminescent microparticles were dispensed on the porous fibrous glass matrix in each of the 
16 read w lis of a disposable reaction tray as described in Exampl 1 w r allowed to drain through. The 
microparticl s were washed with 100 uL of fetal calf serum, 100 uL of de-ionized water and two aliquots 
300 uL each of a 0.1% Twe n®-20 solution. Th disposable tray was lin arly moved to a subsequ nt 
position wh re the chemiiuminescence detection head of the pr sent inv ntion was low red to cr ate a light 
tight seal with the disposable tray. Th immobilized and washed microparticles on the glass fiber matrix 
were triggered using 0.3% alkaline peroxide solution and the resulting chemiiuminescence signal was 
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integrated for a period of six seconds. The mean and standard deviation for each eight w lis on each side 
of the disposabl were calculated. 

Table 2 



Reproducibility Activating And 


Measuring A Chemlluminescent Signal 


From Luminescent Microparticles 


Immobilized On A Porous Element 


Dark 


Trigger 


Dark 


Trigger 


counts 


counts 


counts 


counts 


37 


53023 


42 


49956 


40 


54573 


47 


49473 


38 


54214 


52 


49473 


45 


54664 


34 


48586 


43 


55471 


37 


47624 


44 


55446 


43 


47624 


42 


55084 


54 


47898 


62 


54450 


44 


48053 


Mean 44 


54616 


44 


48588 


SD 7 


234 


7 


220 


%CV 


1.4 




1.8 



The low dark counts indicate that a light tight seal has been achieved between the disposable device and 
the detector head. The low %CV indicate the reproducibility of en trapping luminescent microparticies and 
of activating and detecting a short-lived chemi luminescence signal within a porous element 



EXAMPLE III 



35 

Mlcroparticle-Based Sandwich CUA for Hepatitis B Surface Antigen. 

An Ay and an Ad sensitivity panels and positive and negative controls for Hepatitis B Surface antigen 
40 (Abbott Laboratories, North Chicago, IL) chemiluminescence conjugate acridinium labeled goat polyclonal 
antibody (0.17 ug/mL) was employed. 

A conjugate diluent was prepared comprising 0.1 M monosodium phosphate, 0.1 M disodium phos- 
phate, 0.1% sodium azide and 53% calf serum (Abbott Laboratories North Chicago, IL), 10% normal human 
serum and was filtered through 0.45 urn Nalgene disposable sterile filter (Nalge Company, Division of 
45 Sybron Corporation, Rochester, NY). It was adjusted to a final pH of 6.3 and finally filtered through a 0.2 urn 
Nalgene Fitter. 

Carboxylated polystyrene microparticles (0.21 urn) were coupled to IgM anti-HBsAg antibodies using 
EDAC coupling procedure, and having a total solids content of 0.24%. 

The washing solution contained 0.1 M borate, 0.02% lithium dodecyl sulfate, 0.9% sodium chloride and 
50 0.1% sodium azide. 

200 uL of control or sample were pipetted into the shallow reaction wells of a disposable tray as 
described in Example 1 using an automatic pipettor. 30 uL of latex particles coated with monoclonal IgM 
mouse-anti-hepatitis B surface antigen were dispensed into each incubation well. The reaction mixture was 
incubated for 20 minutes in a heated tunnel at 40oC with the disposable d vice moving into the tunnel by a 
55 timing belt at increments of .8 inches per assay step. It remains in position for 72 seconds for performing 
an assay step, then it increments again at 0.8 inches for the next assay step. 

The reaction mixture was transferred and washed from shallow incubation well onto the glass fiber 
matrix f read well, by Injecting tw puis s 300 uL each of the wash solutions using the m thod of transfer 
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as descibed herein. After th transf r and wash solution has drained down the absorbant pad, 30 uL 
acridinium labeled polyclonal goat anti human HBS antibodies were dispensed on each fibrous pad. Th 
disposable was moved on the timing belt to allow subsequ nt w II pairs to pass under the transfer d vice 
and to affect transfer of th reaction mixtur . Th disposabl tray was incubated for 30 mor minutes in th 

5 tunnel using the same moving timing belt as it is moved to a washing position. The transferred 
microparticles that are retained on the glass fiber matrix and the added acridinium labeled antibodies were 
subsequently washed with three aliquot, 100 uL each of wash solution containing 0.1 % sodium dodecyl 
sulfate, from a wash nozzle. The disposable tray was moved at the same rate to a read position where the 
chemiluminescence detection head of the present invention was lowered to mate with the surface feature on 

10 the first two wells on the disposable to create a light-tight seal. The transferred and washed microparticles 
were triggered using 0.3% alkaline peroxide solution. The measured signal for each well was considered to 
correspond to the amount of acridinium labeled conjugate attached to the microparticles and hence directly 
related to the concentration of the Hepatitis B surface antigen in the sample. 

75 Table 3 



25 



40 



Mlcroparticle Capture Chemiluminescence 
Immunoassay for Hepatites B 


Surface Antigen: 


Sensitivity Panel Data. 


Member 


Concentration 


Counts/ 6 


%CV 




ng/mL 


sees 




ADA 


1.90 


19270 


5.8 


ADB. 


1.48 


15659 


6.2 


ADC 


0.92 


10756 


7.1 


ADD 


0.74 


8945 


4.9 


ADE 


0.51 


6717 


5.2 


ADF 


0.41 


5751 


5.3 


ADG 


0.31 


4547 


2.1 


ADH 


0.10 


2840 


4.2 


AYA 


2.05 


23751 


4.5 


AYB 


1.11 


14242 


3.7 


AYC 


0.83 


11216 


4.9 


AYD 


0.67 


8455 


2.2 


AYE 


0.53 


7132 


4.7 


AYF 


0.44 


6295 


4.8 


AYG 


0.30 


4926 


4.9 


AYH 


0.14 


2911 


4.0 


Negative Control 




1247 


8.3 


Positive Control 




115219 


6.1 



45 

The standard deviation for twelve replicates of the negative control was 104. The cut-off value of the assay 
calculated by adding 10 standard deviations to the mean of the negative control was 2287 counts. Thus, 
concentrations of Hepatitis B Surface Antigen as low as 0.10 ng/mL of the AD subtype and 0.14 ng/mL of 
the AY subtype can be quantified using a microparticle capture chemiluminescence immunoassay and the 
so method and device of the present invention. Using the same criterion to the data published in Table 4 of 
Clin. Chem .27 , 1378-1384 (1981), yields a lowest limit of quantitation of 5 ng/mL Thus, a limit of 
quantitation of~Hepatitis B surface antigen one order of magnitude lower than reported using prior art 
techniques can be achieved using the device and method of this invention. 

55 

EXAMPLE IV 
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Ion-Capture Alkaline Phosphatase Labeled Chemiluminescence Comp tltlve Binding Immunoassay For 

A Hapten. 



5 This example shows the use of the detection device and method of this invention in a competitive 
binding assay for the abused drug phenylcyclidine (PCP). This assay is performed on urine specimens and 
uses the ion capture U immunoassay procedure described herein. The formation of the immune complex 
involves the use of an anionic polymer as a capture agent The reaction mixture is transferred to the 
detection well of said device and and the product of the immunochemical reaction is immobilized by ionic 

70 forces on a porous plug that has been previously treated with a solution of a cationic polymer to render it 
positively charged. 

Anti-phenylcyclidine antibodies were labeled with alkaline phosphatase using art procedures known in 
the art. The labeled antibody solution was diluted in a solution containing 1% fish gelatin, 25 mM Tris, 100 
mM sodium chloride, 1 mM magnesium chloride, 0.1 mM zinc chloride, and 0.1% sodium azide. The pH of 

rs the solution was 7.2 Prewet and transfer solutions were IMx buffer (Abbott Laboratories, North Chicago, IL) 
containing 25 mM Tris, 0.3 M sodium chloride, 0.1% sodium azide, pH 7.2. The cationic polymer was a 
0.5% aqueous solution of CelquatTM L-200 (National Starch and Chemical Company; Bridgewater, NJ) in 10 
mM sodium chloride. 

The capture agent, phenylcyclidine-polyglutamic acid, was prepared as follows: 

20 1 gm of polyglutamic acid sodium salt (Sigma Chemical Company, St. Louis, MO) was added to 7 gms 
of AG50W-X8 ion exchange resin (Bio-Rad, Richmond, CA) in 20 mL water and stirred overnight. Liquor 
was removed and lyophilized to give free acid polyglutamic acid (PGAFA). 

Phenylcyciidine-4-chloroformate was prepared by reacting 1.1 mg 4-hydroxyphenylcyclidine (4.24x1 0 -6 
moles) in 0.5 mL tetrahydrofuran with 0.5 mL of 10% solution of phosgene in benzene (130 mole excess). 

25 The reaction was allowed to proceed for 2.5 hours at room temperature. Solvent was evaporated under a 
stream of nitrogen to yield a residue of phenylcyclidine-4-chloroformate. The residue was dissolved in 0.5 
mL tetrahydrofuran and 1.7 mg of free acid polyglutamic acid (molecular weight 40,000) in 0.5 mL 1-methyl- 
2-pyrrolidinone was added to it. The reaction was carried out overnight at room temperature then the 
reaction mixture was evaporated to dryness. The dried mixture was dissolved in 1.5 mL 0.1 M phosphate 

30 buffer, pH 7.0 and diaiyzed against a volume of the same buffer in a 3,500 molecular weight cut-off dialysis 
bag. The precipitate was filtered. The cioudy aqueous filtrate was extracted with methylene chloride until it 
was clear. The aqueous layer was diluted in a buffer containing 1% fish gelatin, 25 mM Tris, 100 mM 
sodium chloride, 1 m magnesium chloride, 0.1 mM zinc chloride and 0.1% sodium azide at pH 7.2 to yield 
55.0 ugmPGA/mL phenylcyclidine-PGA capture reagent. 

35 Samples were phenylcyclidine calibrators from a TDxTM fluorescence polarization immunoassay kit 
(Abbott Laboratories, North Chicago, IL). Containing 250,120,60.25, and 0 ng/mL phenylcyclidine in human 
urine as confirmed by independent analytical methods. The glass fiber matrix of a disposable reaction tray 
as described herein was treated with 50 U.L of a 0.5% CelquatTM L-200 (National Starch and Chemical 
Company, Bridgewater, NJ 08807) in a 10 mM solution of sodium chloride. The CelquatTM L-200 solution 

40 was manually applied to each glass fiber matrix. 150 uL sample (PCP calibrators), 45 nL IMx buffer, and 
420 uL alkaline phosphatase labeled anti-phenylcyclidine antibody solution were incubated in test tubes in a 
water bath at 37* C for 10 minutes. 300 u,L of the phenylcyclidine polyglutamic acid capture reagent and 
45 uL IMx buffer were added to the reaction mixture and incubated for 10 more minutes at 37° C. 200 uL 
of the reaction mixture was manually transferred onto the treated glass fiber matrix of the reaction tray 

45 using a manual pipettor. The excess reagents were washed by manually dispensing two 75 uL allquots of 
IMx buffer on the porous fibrous glass plug. 100 uL of a chemiluminescent substrate, 3-(2- 
spiroadamantane)-4-methoxy-4-(3' , -phosphoroxy)phenyl-1,2-dioxetane disodium salt (AMPPD) in a 50 mM 
sodium bicarbonate solution containing 1 mM magnesium chloride at a pH of 9.5, was dispensed onto the 
glass fiber matrix using an FMI-RH pump (Fluid Metering Inc., Oyster Bay, NY) and was incubated in the 

so glass fiber matrix for 10 minutes. The pump, track and detection head functions were controlled by an IBM 
PC/XT. Track stepper motor was controlled with a stepper motor controller board (Scientific Solutions, 
Solon, OH). The FMI pump was controlled through a Triac interface consisting of MOC 3031 Opto Triac 
Driver and MAC 3030-8 triac (Motorola Inc., Semiconductor Division, Pheonix, AZ). The tray was then 
moved under the detector device of the present invention. Substrate disp nsing and ch miluminescence 

55 signal detection were controlled in such a way that th substrate incubation time in all glass fiber matrices 
were the same. The detector h ad was lowered to mate with the disposable device and creat a light-tight 
compartment for ch miluminescence measurement. Th chemiluminescence was integrated for 6 seconds 
per w II, as shown in Table 4. 
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Table 4 



Ion-Capture Alkaline Phosphatase Labeled 


Chemllumlnescence Qompetitiv Binding 


Immunoassay for Phenylcyclldlne In Urine. 


Phenylcyclidine 


Chemiluminescence 


Net 


[ng/mL] 


signal counts/6 seconds 


Polarization 




AmP 


0 


3526 


198 


25 


2162 


173 


60 


1440 


144 


250 


1016 


82 



75 

The last column shows the change in degree of polarization of a PCP analog E labeled with fluorescein as it 
binds to anti-PCP antibody in a competitive 1 binding assay in solution. The trend in the 
chemiluminescence signal of the a entrapped product on the glass fiber matrix parallels that of fluorescence 
20 polarization techniques known in the art in solution using a commercially i available fluorescence polariza- 
tion analyzer (TDx Analyzer. Abbott Laboratories, North Chicago, IL) and commercially available fluores- 
cence 1 polarization kits (Abbott Laboratories, North Chicago, IL). 



EXAMPLE V 



Ion-Capture Acridinium Labeled Chemllumlnescence Competitive Binding Immunoassay for a Hapten. 

30 

The present example shows the use of the device and method of this invention in a competitive binding 
assay for the abused drug phenylcyclidine (PCP). This assay is performed on urine specimens and uses 
the ion capture immunoassay procedure as described herein. The immune complex was formed in the 

35 shallow reaction well of the disposable tray as described herein : and involves the use of an anionic 
polymer as a capture agent. The reaction mixture was transferred to the read well of the device and the 
immunochemical reaction product was immobilized by ionic forces on the glass fiber matrix of the device 
which had been previously treated with a solution of a cationic polymer. 

Monoclonal anti-phenylcyclidine antibody was labeled with acridinium sulfonamide using EDAC coupling 

40 procedures known in the art. It was kept in the same buffer used for the anti-core conjugate of Example 3. 
The prewet and transfer solutions were IMx buffer (Abbott Laboratories. North Chicago, IL) containing 25 
mM Tris, 0.3 M sodium chloride, 0.1% sodium azide, pH 7.2. 

The cationic polymer was a 0.5% aqueous solution of CelquatTM L-200 (National Starch and Chemical 
Company; Bridgewater, NJ) in 10 mM sodium chloride, and the anionic capture agent phenylcyclidine- 

45 polyglutamic acid was prepared according to the procedure of Example IV. 

Samples were phenylcyclidine calibrators from a TDxTM fluorescence polarization Immunoassay kit 
(Abbott Laboratories, North Chicago, IL). They contained 500,250,120,60,25, and 0 ng/mL phenylcyclidine in 
human urine. 80 u,L of IMx Tris buffer solution followed by 80 uL CelquatTM L-200 solutions were dispensed 
on the glass fiber matrices of the disposable reaction tray. Solutions were dispensed using two FMI-RH 

so pumps and controlled via a triac board by an Intel 310 Development System (Intel Inc., Sunnyvale, CA). The 
tray was moved on a linear track using a timing belt and a stepper motor. The stepper motor was controlled 
by a board employing components known in the art. After 4.8 minutes, 50 uL of calibrator (sample) was 
pipetted into the shallow reaction wells of a disposable reaction tray, using an automated pipettor. 50 uL of 
acridinium labeled anti-PCP antibodies was dispensed into each incubation well. The mixture was incubated 

55 for 9.6 minutes in a heated tunn I at 32oC with the disposable device moving into th tunnel by the timing 
belt in steps at the rate of 0.8 inch s per minute, the reaction tray being stationary for 36 seconds aft r 
each step for a reaction step to take place. After 9.6 minutes incubation on the moving timing belt, 50 uL a 
solution c ntaining PCP-PGA captur reagent at a concentration of 1.9 mg PGA/mLwas dispensed into the 
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incubation well through a tip centered on the well. The capture reagent solution was dispensed by an FMI- 
RH pump and controlled by th 310 Development system through a triac interface board. The reaction 
mixture was further incubated for 9.6 minutes. The quaternary ammonium polymer-treated glass fiber 
matrices w re rinsed with 100 uL of th IMx buffer befor r action mixture transfer. 

s As the disposable tray was positioned under the 'transfer device as described herein, the reaction 
mixture was transferred and washed from the shallow incubation well onto the pre-treated glass fiber matrix 
in the detection well. The disposable tray was moved on the timing belt to allow subsequent well pairs to be 
located under the transfer device and to affect transfer of the reaction mixture. The disposable device was 
then moved to a read position, where the chemiluminescence detection head of the present invention was 

w towered to mate with the surface feature on the first two wells on the disposable to create a light-tight seal. 
The retained and immobilized immune complex on the glass fiber matrix was triggered using 0.3% alkaline 
peroxide solution in 0.25 M NaOH and the signal from each PMT /amplifier was controlled by a 
counter/timer board and each side was triggered with an independent pump. The photon counter signal was 
integrated for eight seconds. The measured signal for each well was considered to correspond to the 

is amount of acridinium labeled conjugate attached to the glass fiber matrix surface by ionic forces. The data 
is shown in Table 5 and is expressed as the number of counts and as % inhibition. The last column shows 
the change in degree of polarization of a PCP analog labeled with fluorescein as it binds to anti-PCP 
antibody in a competitive binding assay in solution. The trend in the chemiluminescence signal of the 
entrapped product on the glass fiber matrix parallels that of prior art fluorescence polarization in solution 

20 using a commercially available fluorescence polarization analyzer (TDx Analyzer, Abbott Laboratories, North 
Chicago, IL) and commercially available fluorescence polarization kits (Abbott Laboratories, North Chicago, 
IL). 

The cut-off of this assay was considered to be 25 ng/mL The data (Table 5) indicate that all controls 
containing 25 ng/mL PCP or higher were well differentiated from the negative control which indicates the 
25 validity of the present invention. 

TABLE 5 



Ion-Capture Competitive Binding Assay For 


Phenylcyclidine (PCP) In Urine 


PCP 


Signal 


^Inhibition 


Net 


[ng/mL] 


Counts 




Polarization 


0 


188329 


0.00 


198 


25 


50347 


73.3 


173 


60 


30839 


83.6 


144 


120 


23977 


87.3 


112 


250 


20379 


89.2 


82 


500 


19759 


89.5 


65 



Although the present invention has been described in terms of a prefered embodiment, it is anticipated 
that various modifications and improvements will occur to those skilled in the art upon consideration of the 
45 present invention. Thus shape, material and color of the vessel, material of the porous element, material and 
shape of the absorbent material, shape and design of the light guide, type of detector and method of 
detection, type of peroxide used as urea peroxide or similar compounds, wash solution composition, prewet 
solution composition, and methods of treating porous elements to decrease nonspecific binding and provide 
the necessary interactions between the immobilizable complex and the porous element according to the 
so present invention, can all be optimized by those skilled in the art Although examples were shown for one 
step sandwich and competitive assays, two and more step assays can be performed. 

Microparticles used to perform the solid phase immunoassay are preferably selected to have an 
average diamet r smaller than the average effective pore size of the porous element Although the 
xamples were given using carboxylated polystyrene particles, other particulate material can be used, such 
55 as polystyren . polym thyl acylate, derivatized cellulose fibers, polyacylamide and th like. 

The ion capture procedures were described using polyglutamic acid as the polyanion acid derivatized 
polycationic material and other methods of attachment of these compounds to th assay components or the 
porous element can be used. 
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Moreover, the assay method of this Invention may be extended to smaller molecules or to nucleic acid 
probe assays. Furthermor , although the invention has been described using acridinium sulfonamide- 
labeled and alkaline phosphatase-labeled tracers, it may be extended to other acridin ium compounds or 
their analogs or even other luminescent compounds. For example, the read head design as described 

5 above may accommodate luminol type chemiluminescent immunoassays by using two ports for injecting 
trigger solution and two other ports for injecting a catalyst solution. It can also be extended to phenol- 
enhanced chemiluminescence assay. 

Apparatus and methods according to the present invention may be employed in assays for the 
detection of viral particles, such as HBSAg or HIV particles, or fragments thereof. Macromolecular disease 

70 state markers, such as carcinoembryonic antigen ("CEA") and alphafetoprotein ("AFP") may also be 
detected, as may nutritional status markers, such as vitamin B12, folate and ferritin. Also usefully detected 
by the apparatus and according to the methods of the present invention are hormones (e.g., B-HCG, TSH, 
LH and FSH), bacteria (e.g. streptococci) nucleic acid species (e.g. DNA or RNA). The present invention is 
also useful in small molecular competitive binding assays such as those for T3 f T4, free T4 and digoxin. 

15 Substances of abuse may be detected using the methods and apparatus according to the present invention. 
Allergy testing may be carried out by attaching allergen extracts to microparticles forming protein- 
coated microparticles, which may be incubated with body fluid sample to capture specific IgE. In such an 
assay acridinium-labeled goat anti-human IgE may be employed as a conjugate which may be reacted with 
bound IgE, followed by washing, activating and reading of the result 

20 Where technical features mentioned in any claim are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing the intelligibility of the claims and accordingly, such 
reference signs do not have any limiting effect on the scope of each element identified by way of example 
by such reference signs. 

25 

Claims 

1. Apparatus for performing a chemiluminescent assay comprising: 
a container having an aperture; 

30 a solid, porous element in said container, said porous element having an interactive property with a 
chemiluminescent moiety in a chemiluminescent assay wherein said chemiluminescent moiety is immo- 
bilized by said solid, porous element thereby preventing the migration thereof while permitting passage of 
other reaction components of said chemiluminescent assay; 

a porous absorptive material in said container which is chemically inactive with respect to a chemilumines- 
35 cent activating reaction; 

means, adjacent said aperture, for evenly distributing to said porous element a chemi luminescent-activating 
solution for said chemiluminescent activating reaction; and means for photodetection adjacent said aperture. 

2. The apparatus of claim 1 wherein said aperture is funnel shaped and said means for evenly distributing 
comprises a plurality of ports disposed toward an interior surface of said funnel. 

40 3. The apparatus of claim 1 further comprising an incubation chamber, separate from said container, 
wherein all or some of reactants are incubated prior to being transferred to said porous element. 

4. The apparatus of claim 1 wherein said solid, porous element comprises a fibrous matrix. 

5. A method for performing a chemiluminescent assay to determine the amount of analyte in a test sample, 
said method comprising the steps of: 

45 forming a reaction mixture comprising an analyte from a test sample with a chemiluminescent moiety, said 
chemiluminescent moiety capable of binding to said analyte as a function of the amount of analyte present 
in said test sample; 

contacting said reaction mixture with a solid, porous element, said porous element having an interactive 
property with said chemiluminescent moiety wherein said analyte bound to said chemiluminescent moiety is 

so immobilized by said interactive property between said chemiluminescent moiety and said porous element to 
thereby prevent said chemiluminescent moiety from migrating from said porous element; 
distributing a chemiluminescent activating solution onto said porous element, said activating solution 
capable of reacting with said chemiluminescent moiety immobilized to said porous element to provide a 
ch miluminescent signal there from; and * 

55 measuring said chemilumin sc nt signal from said porous I m nt 

6. The method of claim 5 wher in said distribution step comprises th step of activating a ch milumines- 
cent reaction by applying an alkaline oxidizing solution to said porous lement. 

7. The method of claim 5 wh rein said solid, porous element comprises a fibrous matrix. 



15 



EP 0 424 634 A2 



8. A method for performing a competitive chemiluminescent immunoassay to determine the amount of 
analyte present in a test sample, said method comprising the steps of: 

forming a competitive reaction mixture comprising (i) an analyte from a t st sample, said analyte or a 
binding analog thereof labeled with a chemiluminescent moiety, and a binding partner for said analyte or (ii) 
5 an analyte from a test sample, a binding partner for said analyte labeled with a chemiluminescent moiety, 
and an immobilizable form of said analyte or analyte thereof; 

contacting said reaction mixture with a solid, porous element, said porous element having an interactive 
property with said binding partner or said immobilizable form of said analyte wherein said chemiluminescent 
moiety is immobilized by said interactive property therebetween to thereby prevent said chemiluminescent 

70 moiety from migrating from said porous element; 

distributing a chemiluminescent activating solution onto said porous element, said activating solution 
capable of reacting with said chemiluminescent moiety immobilized to said porous element through said 
binding partner to provide a chemiluminescent signal therefrom; and 
measuring said chemiluminescent signal from said porous element 

75 9. The method of claim 8 wherein said distributing step comprises the step of activating a chemilumines- 
cent reaction by applying an alkaline oxidizing solution. 

10. The method of claim 8 wherein said solid, porous element comprises a fibrous matrix. 
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FIG. 6 
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Dos riptlon 

Background of the Invention 

5 The present invention relates to methods and apparatus for measuring a chemiluminescent signal from a 

solid surface. In particular, the present invention relates to methods and apparatus for use in heterogeneous 
immunoassays wherein a chemiluminescent signal provided by the immobilized product of an immunochemical 
reaction from a solid, porous matrix is measured. 

Several automated chemiluminescence instruments use photographic means and a densitometer for re- 

10 cording signal. Vogelhut, U.S. Patent No. 4,231,754; Whitehead, et al., U.S. Patent No. 4,593,728; Thorpe, et 
al., Clin. Chem., 30, 806, (1984); and Bunce, et al., Analyst , 110 , 65 (1985). 

Clear coated microtitration plates as a solid phase with trigger solution port and detector at opposite sides 
of the plate well may also be employed in such instruments. Holley, European Patent Application 025,350; and 
Schroeder, et al., Clin. Chem., 27, 1 378-1384 (1981). This technique is severely limited due to the slow reaction 

15 rates resulting from the limited diffusion of analyte molecules to the capturing solid phase. Use of this approach 
has been of limited sensitivity and is generally employed in reactions involving the use of ATP and luminol- 
type tracers. 

Magnetizable microparticies and magnetic separation in a test tube may be followed by reading the signal 
of the suspended particles in a tube luminometer as is found in the commercially available Magic™ Lite system 

20 distributed by Ciba-Corning Diagnostics. Because the brown colored microparticies optically interfere with the 
chemiluminescent signal, a very low mass of these particles is used. This leads to very slow reactions. For 
example, an assay for thyroid stimulating hormone (TSH) is reported to have a three-hour incubation time. In 
addition, many manipulation steps are involved, making this assay configuration difficult to automate. Other 
luminometers in which the signal is generated in a test tube are sold by Berthold, Hamilton, Turner Design and 

25 Analytical Luminescence. 

Enhanced chemiluminescent reactions in a white microt it ration plate followed by reading the generated 
signal in a luminometer having a moving mask and photomultiplier tube are described in Lisenbee, et al., Eu- 
ropean Patent Application 194,102 and are incorporated in the Amerlite m system sold by Amersham Inc. This 
latter technique suffers from the same limitations of an ELISA assay in a coated plate, namely the slow diffu- 

30 sion rate of the reactants to the capture phase. 

Summary of the Invention 

The present invention provides a method for directly exciting and measuring a chemiluminescent signal 
35 emanating off an immune complex immobilized on or in a solid, porous element that is used as a separation 
means in a heterogeneous immunoassay and an apparatus for performing this measurement. More specifi- 
cally, it provides an automated means for performing heterogeneous chemiluminescent immunoassays of high 
sensitivity. 

The present invention provides a method and apparatus for measuring a chemiluminescent signal pro- 

40 duced by an immobilizable immune complex comprising analyte from a test sample which is capable of being 
immobilized by a solid, porous element In particular, analyte is captured in a liquid phase using microparticies 
or poly ionic capture agents having a binding affinity for the analyte wherein the captured analyte is subse- 
quently immobilized by the porous element and a chemiluminescent signal is chemically excited and detected. 
Accordingly, the method of the present invention advantageously employs fast diffusion rates in solution to 

45 provide highly sensitive assays for a wide range of analytes. 

The apparatus for performing a chemiluminescent assay according to the present invention includes a con- 
tainer having an aperture and a solid, porous element, preferably in the form of a fibrous matrix, capable of 
immobilizing a chemiluminescent generating reaction product complex while, at the same time, permitting the 
passage of other reaction components which are not immobilized by the porous matrix. The reaction product 

so is immobilized by the porous element through particulate reactants or as the result of an interactive property 
between the porous element and the reaction product, such as hydrophilic-hydropholic binding interactions, 
ionic binding interactions, and the like. A detection device is situated adjacent to the aperture of the container 
which moves to create a light-tight seal with the container to allow low light levei chemiluminescence meas- 
urements. The detection d vie includes means for removing unreacted r ag nts and sample and wash sol- 

55 utionfromth solid, porous I ment. Thedet ction device also includes means for ev nly distributing a chem- 
iluminesc nt activating solution to the porous eiem nt. The aperture may b funnel-shaped and th m ans 
for applying the activating solution may include ports dispos d toward an interior surface of the funnel. 
The various methods known in the art for forming heterogeneous binding reaction systems can be followed 
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in applying th method and apparatus of the present invention where a chemiluminescent label is employed 
as the labeled reagent. Typically, the assay reagents for performing such assays may take many different 
forms, but, in general, comprise (1) the analyte to b detected, (2) a specific binding partner for the analyte, 
and (3) a labeled reagent, which can be the same ordiff rent as th binding partner for the analyte. Th assay 

5 reagents are generally combined simultaneously, or sequentially, wherein the labeled reagent becomes bound 
to its corresponding binding partner such that the extent of binding is a function of the amount of analyte pres- 
ent. Typically, the bound species and the free species are physically separated from each other and the amount 
of label present in either fraction thereof is determined by measuring the activity of the particular label being 
used. Such methods include those known as the competitive immunoassay binding technique, the sandwich 

10 immunoassay technique, and the immunometric technique. In all of these heterogeneous immunoassay sys- 
tems, separation of the free and bound species of the labeled reagent is normally accomplished by immobilizing 
one of such species. 

A method for performing a chemiluminescent assay according to the present invention includes the steps 
of binding an analyte to a chemiluminescent complex, binding the analyte-chemi luminescent complex to a par- 
ts ticulate support having binding sites for the anaiyte-chemiluminescent complex to form an immobilizabte re- 
action complex, contacting the immobilizable reaction complex with the porous element, and evenly distribut- 
ing a chemiluminescent activating solution on the porous element to provide a chemiluminescent signal which 
is measured and correlated to the amount of analyte in a test sample. 

Preferably, a method for performing a chemiluminescent assay according to the present invention includes 
20 the steps of binding an analyte to a chemiluminescent complex, binding the anaiyte-chemiluminescent complex 
to an ionic moiety to form an immobilizable charged reaction complex, and contacting the charged reaction 
complex, with a solid, porous element having an ionic charge opposite to that of the immobilizable charged 
reaction complex whereby the charged reaction complex is immobilized by the solid, porous element as a result 
of the ionic binding interaction therebetween. A chemiluminescent activating solution is then evenly distributed 
25 on the porous element to provide a chemiluminescent signal which is measured and correlated to the amount 
of analyte in a test sample. 

Brief Description and Drawings 

30 Figure 1 : Side view of the chemiluminescent detection device according to the present invention. 

Figure 2: Isometric view of a preferred configuration of the detection head of the detection device according 
to the present invention. 

Figure 3: Cross-sectional view of the detection head shown in Figure 2. 

Figure 4: Cross-sectional view taken along the perpendicular axis of the detection head shown in Figure 

35 2. 

Figure 5: Exploded view of the bottom of the detection device according to the present invention. 
Figure 6: Perspective view of the lifter mechanism of the detection device according to the present inven- 
tion. 

Figure 7: A schematic diagram of the detection device according to the present invention. 

40 

Detailed Description 

The following detailed description includes discussions of preferred embodiments of the invention as gen- 
erally disclosed above. 

45 According to the present invention, heterogeneous chemiluminescent immunoassays may be easily au- 
tomated, and hence their precision and accuracy improved, by generating and directly detecting a chemilumi- 
nescent signal from the separated reaction complex immobilized on a solid, porous element without the need 
to transfer the separated complexes to a tube or use a tube luminometer. The primary capture reaction is per- 
formed In the liquid phase to make use of the improved diffusion conditions in the liquids, and the immobilizable 

so reaction complex is immobilized by the porous element as a result of an interaction between the immobilizable 
reaction complex and the porous element, such as a hydrophobic interaction, anionic interaction, and the like. 
The chemiluminescence signal is generated from the porous element and is detected by a detector facing one 
side of the porous element and in close proximity to it, while the reaction products which are not immobilized, 
i.e. ch miluminescent binding complex not bound to th analyte, are disposed of, for xample, by an absorbant 

55 matrix pad in intimat contact with th other side of th porous I erne nt The apparatus can contain a reaction 
chamber, separat from th separation and detection chamb rs, wh re all or some of the r actants ar incu- 
bated prior to being transferred to the porous element The porous element is an integral part of a disposable 
device that comprises reaction chambers and separation and det ction chambers. Th d t ctor devic has a 
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shroud which surrounds the s paration and detection chamb r and creates a local light-tight compartment 
where a chemilumin scene signal is generated and detected. Eith r shroud or the whol assembly may b 
mad t be movable in the Z-directi n to aff ct a light-tight seal. 

Th solid, porous element of th present invention Is preferably in the form of a fibrous matrix and is used 

5 to immobilize the immobilizable reaction complex as a result of the interaction therebetween, from which an 
assay signal can be generated. The porous element can be selected from woven fibrous materials such as 
glass, cellulose, nylon or other natural or synthetic material known to those skilled in the art It can be also 
chosen from porous glass or ceramic fritted disks or polymer fritted disks. Material choice, dimensions and 
pore size of these porous elements can be easily selected by those skilled in the art, to provide an effective 

10 pore size and adequate void areas to permit proper flow of unreacted reagents and sample through the porous 
element 

Where the porous element Is employed in an ion capture procedure, it is treated with a water soluble poly- 
cationic polymer. Choice of the water soluble polycation, amount of polymer, method of application can be de- 
termined by those skilled in the art. Derrvatization of the surface of the porous element to generate positively 

15 charged groups and application of surface treatment techniques such as plasma treatment can also be con- 
templated and used by those skilled in the art An important criterion is that the porous element is made from 
transluscent or white material thus it will not absorb or attenuate the emitted chemiluminescent signal. 

A preferred fibrous material is H&V product No. HC 4111 glass fiber filter paper, which has a nominal thick- 
ness of 0.055 inches and is commercially available from Hollongsworth and Vose Co., East Walpole, Massa- 

20 chusettes. The effective pore size of the fibrous matrix or the spatial separation of the fibers is chosen to be 
larger than the diameter of the microparticles employed in the assays. Spatial separation of larger than 10 mi- 
crons is preferred. This is to assure that even after the immobilizable reaction complex is immobilized on the 
fibers, adequate void areas still exist for proper flow of reagents and sample through the fibrous matrix, which 
in turn prevents fluid retention on the surface of the matrix which, for example, protects the detection device 

25 against possible trigger solution splashing. 

Ion capture procedures for immobilizing an immobilizable reaction complex with a negatively charged poly- 
mer tail, as described in copending U.S. Patent Application Serial No. 150,278, entitled "Ion Capture Assays 
and Devices," filed January 29, 1988, equivalent to EP-A-0 326 100, can be employed according to the present 
invention to affect a fast solution-phase immunochemical reaction. An immobilizable immune complex is sepa- 

30 rated from the rest of the reaction mixture by ionic interactions between the negatively charged poly- 
anion/immune complex and the previously treated, positively charged porous element and detected by the 
method described in the present invention. 

Acrid in ium sulfonamides labeling chemistry, may be employed according to the present invention for mak- 
ing a stable luminescent tracer of high quantum yield. 

35 Alkaline phosphatase labeling techniques known in the art and use of dioxetane catalyzed chemilumines- 
cence may be also used according to the present invention to generate a long-lived signal that can be integrated 
to yield high sensitivity assays. 

Chemiluminescent moities can be used as probes or labels in a specific binding assay. For example, such 
chemiluminescent label can directly react with an activating reagent to generate a light signal, such as acridi- 

40 nium sulfonamides. Alternatively, such chemiluminescent label serves as a catalyst to accelerate the gener- 
ation of light from a substrate, such as alkaline phosphatase, peroxidase and beta-galactosidase. 

The combination of these techniques are particularly useful to permit a simple, rapid, highly sensitive im- 
munoassay method for the determination of viral particles, macromolecular antigens and haptens. One such 
assay for Hepatitis B Surface antigen has sensitivities which exceed those of other methods. For example, 

45 one such type of chemiluminescence immunoassay for Hepatitis B surface antigen (Clin. Chem, 27, 1378- 
1384, 1981) involves two incubation periods, 1.5 hours each, and has a lowest limit of detection of 2 ng/mL. 
A lowest limit of detection of 1 ng/mL is achieved by increasing the incubation time to 1 6 hours. Using the meth- 
od and detection device described according to the present invention, sub- nanogram quantities of Hepatitis 
B surface antigen may be detected within a total assay time of less than one hour. 

so According to a preferred embodiment of the present invention, a sandwich immunoassay is performed em- 
ploying a polyanionic acid such as polyglutamic acid which is attached to an antibody to the analyte under de- 
termination, and added to a reaction vessel, either simultaneously or sequentially, with the analyte from a test 
sample and a chemiluminescent-labeled antibody. The reaction mixture is incubated for a period of time and 
under conditions which maximize the specific binding reaction. The reaction mixture is transferred to a sepa- 

55 ration and det ction chamber. Transfer of th r action mixtur into the separation and detection chamb r can 
b achieved by mechanical means such as a manual or automated pipettor or by a non-contact hydraulic or 
fluidic means. 

Th chemiluminescence signal from acridinium labeled assays is triggered and simultaneously detection 
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onth porous lement in the light-tight compartment formed from the disposable d vie and the d tectorhead. 
Th signal is integrated over a period of tim longer than th sum of the rise and decay times of the ch milu- 
minescence signal, and I nger than the residenc time of the triggered reaction mixture in the porous element. 
Alternatively, a sandwich immunoassay can be performed employing a polyanionic acid such as polyglu- 

5 tamic acid which is attached to the antibody and added to a reaction vessel, either simultaneously or sequen- 
tially, with an enzyme-labeled antibody or antigen. Alkaline phosphatase or 0-galactosidase-labeled antigen 
or antibody may be used. The reaction mixture is incubated for a period of time and under conditions which 
maximize the specific binding reaction. The reaction mixture is similarly transferred to a separation and de- 
tection chamber as described above and a chemiluminescent indicator added thereto to generate a chemilu- 

10 minescent signal from the porous element in the separation and detection chamber before it is mated with the 
detector head to form the light-tight compartment where the chemiluminescence signal is detected. The signal 
is integrated over a period of time that is generally shorter than the residence time of the luminescent reaction 
mixture in the porous element. 

According to the present invention, incubation and separation steps take place in two independent com- 

15 partments. This limits the time during which the sample and conjugate are in contact with the porous element 
and the walls of the detection compartment. Thus the amount of sample and labeled reagent that binds non- 
specif ically to the porous element and the wall of the separation and read compartment is substantially reduced 
as compared to incubation, wash and detection in the same well, as described in U.S. Patent No. 4,652,533, 
I. Immuno. Methods, 67, 21-35 (1984), or Clin. Chem. 32. 1682-1666 (1986), and, accordingly, improves assay 

20 sensitivity. 

A preferred device for performing the incubation and transferring the reaction mixture into the read well 
comprises a funnel-like structure, a porous element, and an absorbant material, which are assembled to pro- 
vide intimate contact between the porous element and the absorbent material, as well as adequate venting of 
air displaced by fluids absorbed in said absorbent material. The capacity of the absorbent material is chosen 

25 to be larger than the total volume of sample, reagents and wash solution used in the assay steps. This ensures 
adequate washing of the retained reaction product, prevents excessive fluid retention on the porous element, 
and helps to protect the detection device against possible trigger solution splashing. The funnel-like structure 
and the porous element are parts of the light-tight compartment formed when the device is mated with said 
detector head of the present invention to detect a chemiluminescence signal generated on the porous element 

30 It is to be understood that one skilled in the art can design other reaction vessels that incorporate a porous 
element for retaining the reaction complexes of an immunochemical reaction as described herein, other means 
for transferring the reaction mixture and other means for disposing of the excess reagents and wash solution 
such as vacuum and pressure means, that can be used with the detector head of the present invention. 
An example of the chemiluminescence detection device is illustrated in Figure 1. The detector device con- 

35 sists of a frame (4), a detector head (5), a flexible diaphragm (6), and a lifter mechanism (7). The frame allows 
mounting the detector assembly on a thermostated tunnel where a timing belt moves a plurality of disposable 
reaction devices at a given step rate. The detection head (5) consists of a shroud (10), and ports for fluid lines 
(11, 12). The lifter mechanism (7) moves shroud (10) up and down on a Z-axis. The down movement affects 
a light seal with the separation and detection chambers of a disposable tray where a chemiluminescence signal 

40 is generated and detected, and the upward movement is to clear the disposable to allow its free movement to 
other positions at the end of measurement 

Figure 2 shows an isometric view of a preferred configuration of the detection apparatus that is designed 
to accommodate the preferred disposable reaction tray which contains two rows of separation and read wells 
at a 36 mm center to center distance. It is to be understood, of course, that one skilled in the art can redesign 

45 the envelope of the detection head to mate with other shapes of disposable devices. 

The shroud (10) is made from machined aluminum or cast polyurethane, and comprises four ports for trig- 
ger solution injection outlets (11-14), two optical detection modules (15, 16), and two boxes (17, 18) containing 
photon counting amplifiers and electric leads for antifog heaters (19). Attached to shroud (10 ) is a flexible 
black rubber diaphragm (6) of Figure 1 that allows the free vertical movement of the shroud (10). 

so Across-sectional view of the signal detection module is shown in Figure 3 and comprises a light guide (20), 
light-pipe protecting sleeve (21), injectors (22, 23) that are connected to two of the black Teflon® fluid lines 
(11-14) of Figure 2, photomultiplier tube (PMT) (24), a photomultipfiertube socket (25) and a collar for holding 
the PMT socket (26). The PMT is spring-loaded by a 302 stainless steel spring wire (27) to ensure proper spac- 
ing from th light pipe and is protected from moisture by two O-ring seals (28 and 29). O-rings (30 and 31) fix 

55 th light pipe (20) in space and protect th face of th PMT from moistur . O-ring (30) is preferably mad of 
a material with high diet ctric constant to pr vent Ohmic leakage at the photocathode. A mumetal shield (32) 
surrounds the PMT, with a nylon spacer (33) inside (32) which protects the PMT during assembly. The mumetal 
shield (32) is kept electrically isolated by use of two O-rings (34,35) and a Teflon sleeve (37) to s parate it 
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from the out r housing. An electrically conducting outer housing (38) protects th detection module. Th bot- 
tom of shroud (1 0) has a groove (39) that locates the surface feature on the disposable device and a light seal- 
ing gasket (40) of Figur 4. The light sealing gask t is made of black in rt compressabl polymer. A preferred 
material is a nylon nap on a rayon backing COE7-1 673 (Schlegal Corporation, Rochester, NY). Two low wattage 

5 anti-fog heaters (41,42), are used to create a temperature gradient in the vicinity of the light pipe to prevent 
any condensation on the light pipe during the measurement 

Figure 4 is a cross-sectional view taken along the side of the detector device of the present invention and 
shows the two detector assemblies, shroud (10), groove (39) and light sealing gasket (40), the anti-fog heating 
elements (41 ,42) and the end of an injector tip (22). Figure 5 is an^exploded view of the bottom of the shroud 

10 (10), showing the light seal groove (39) and the light sealing gasket (40). 

The lifter mechanism assembly (7) of Figure 1 is shown in Figure 6 and comprises an AC permanent mag- 
net synchronous motor (50), a stainless steel shaft (51) and a cam (52) to control the vertical displacement of 
lifter. A stainless steel cam follower roller (53) mounted in the lifter arm (54) is in contact with the cam. A stain- 
less steel guide bar (55) is part of the base and is in combination with stainless steel rollers for guide bar (56, 

15 57). The stainless steel post or shaft (58), guide bar (55) and guide bar rollers (56, 57) ensure precise movement 
along the Z-axis without X or Y movements or rotation around the Z-axis. A slotted aluminum disk (60) and 
two diametrically opposed opto-sensors (61, 62) to control motor stops for full-up and full-down shroud posi- 
tions. Shroud down flag (63) and shroud down sensor (64) ensure the engagement of the detector head with 
the disposable device. Holes (65, 66) are attachment points to the shroud (10) of Figure 2. 

20 As shown in Figure 3, the terminuses of the injection ports (22, 23) are directed towards the walls of the 
detection chamber. The distance these ports protrude beyond the lower surface of the light pipe (20) is 0.213 
inches. The lower end of the light pipe (20) is 0.435 inches above the surface of the porous matrix. Light pipe 
(20) is 8 mm in diameter and may be made of a quartz, glass or polished plastic rod having a length of approx- 
imately 3 inches long. 

25 As indicated in Figure 7, a trigger solution injection device (70) is used such as, for example, a piston pump 

such as FMI RH pump (Fluid Metering Inc., Oyster Bay, NY). A Teflon™ tube (71 ) having an inner diameter of 
0.03 inches and an outer diameter of 0.062 inches (Cole Palmer, Chicago, IL) carried trigger solution from pump 
to a selonoid operated three way valve (72), (Angar Scientific, Florham Park, New Jersey]. A trigger solution 
was diverted employing Teflon™ tubes (73, 74) to two 2-outlet manifolds (75, 76). A Minstac multiport manifold 

so (Lee Company, Westbrook, CT) was used. Two lines per manifold (77, 78) and (79, 80) made of Teflon™ tubing 
having an inner diameter of 0.5 mm and an outer diameter of 1 .59 mm (Anspec Inc., Ann Arbor, Michigan), car- 
ried the trigger solution from manifold to injection ports. For acridinium labeled chemiluminescence reactions, 
alkaline peroxide solution 80-100 uL was injected through the manifold onto separation and detection chamber 
at a rate of less than 500 u.L per second. 

35 The trigger solution was dispensed from two injector ports (22, 23), shown in Figure 1, at 180 degrees to 
each other. Choosing an injection speed less than 500 nL per second through a 0.5 mm inner diameter injection 
prevented back-splash of the trigger solution towards the signal pick-up optics. This was verified by examin- 
ation of high speed video recordings of the injection process. 

A R647-04 head-on photomultiplier tube (24) (Figure 3) and an E849-35 socket (25) and magnetic shield 

40 E989-09 (32) (Hamamatsu Inc., Middlesex, NJ). The PMTs were powered to approximately 1040 V using a high 
voltage power supply (82) (Figure 7) (Model PMT-20A/N Option 3, Bertan Associates, Hicksville, NY). A ±12 
V DC power supply (81) (Figure 7) (Part#12EB50, Acopian Inc., Easton, PA) was used to powerthe high voltage 
power supply. The amplifier boards were powered by two isolated ± 5 volts power supplies (83) (Part #5EB 
100, Accopian Inc., Easton, PA). 

45 The photon counting amplifier boards (84, 85) comprises a 12 MHz vidio amplifier MC 1733 CP (Motorola 

Inc., Semiconductors Division, Phoenix, AZ), an AM 686CN high speed comparator (Advanced Micro Devices, 
Sunnyvale, CA) is used as a discriminator, and the resultant TTL signal is divided by two using a 74F74 flip 
flop. The output drives a HFBR 1524 fiber opic transmitter (Hewlett Packard, Palo Alto, CA). The digital signal 
was carried on a fiber optic link to an HFBR-2524 fiber optic receiver, all are components of a HFBR-0501 kit 

so from Hewlett Packard, Palo Alto, CA. The fiber optic link carries the digital signal to the counter/timer board, 
thus avoiding any noise pick-up or ground loop effects on this circuitry. The start count signal, integration time, 
trigger pump star/stop and trigger signal counting were controlled by the counter/timer board. The counter/ti- 
mer board was designed and built using prior art designs and components. Those skilled in the art can easily 
design equivalent circuits. 

55 The counter/timer board and th trigger solution pump are controlled by a micro computer as, for example, 
an IBM pc-XT (IBM Corporation, Boca Raton, FL), or an Intel 310 d velopment system (Intel Corporation, Sun- 
nyval , CA) through a standard prior art interface. 

Polyion-bound immune complexes ar attracted to the oppositely charged porous element and then the 
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porous el ment is washed with wat r or aqueous solution containing detergents and/or salt compositions to 
maximize efficiency of washing un reacted sample and label away from th porous element Wash solution vol- 
ume is chosen to be several times th volume of the reaction mixtur , pr ferably about thre times that volume. 
Wash solution composition is chosen to decrease non-specific binding and to increase assay sensitivity. Thus 

5 water, saline solution, or hypertonic buffered salt solutions can be used. Number of wash cycles are also im- 
portant to assay sensitivity, thus applying multiple aliquots of wash solution is preferred. Prewetting the porous 
matrix with wash solution or a protein-containing solution may also help in decreasing non-specific binding 
and increasing specific binding. 

The apparatus of the present invention can be used to detect sjjprt-lived alkaline peroxide triggered chem- 

10 iluminescences such as acridinium label chemiluminescence or long-lived dioxetane chemiluminescence, such 
as described by WO 881 00694 and EP 0-254-051 -A2. In the case of short-lived chemiluminescence, activating 
the CL signal is affected within the light-tight compartment created by mating the detector device with the dis- 
posable device. Thus, trigger solution injector ports, fluid lines, manifolds and pumps are an integral part of 
the detection device. Long-lived dioxetane-type chemiluminescence is generated by adding an enzyme spe- 

15 cif ic chemiluminescent substrate to the enzyme-labeled immune complex on the porous element. An example 
is the commercially available alkaline phosphatase substrate 3-(2'-spiroadamantane)-4-methoxy-4-(3"-phos- 
phoroxy)phenyl-1,2-dioxetane disodium salt (AMPPD) from Tropix Inc., Bedford, MA. The substrate can be in- 
cubated before the disposable device engages the detector head and start of signal integration. The total signal 
intensity is integrated over a portion of the intensity-time curve. 

20 The acridinium sulfonamide labeled chemiluminescent reaction is triggered on the porous element by al- 
kaline peroxide solution using the two injectors in the detection device. Trigger solution injection ports may be 
made from chemically inert material that is not affected by high alkaline peroxide concentrations. Preferred 
materials for fabricating these injectors are Teflon™, Kel-F™, nylon, ultra high molecular weight polyethylene 
or Tef lon™-coated stainless steel. The assembly of injectors, light guide and the porous element is light tight 

25 and the aperture of the light guide is in close proximity to the surface of the porous element A preferred ge- 
ometry is to have two trigger solution injectors at 180° to each other on the periphery of the light guide. The 
light guide may be made of optical quality plastic, glass, quartz or a highly polished hollow metallic tube. The 
light guide directs emitted chemiluminescence signal to the photo detector. 

The trigger solution is directed towards the walls of the separation and detection chamber in the disposable 

30 and is injected at such a slow rate to minimize splashing of the fluid towards the light pick-up optics. Injection 
rates of less than 500 ul per second are preferred. The trigger solution flows down the walls of the detection 
chamber to the porous element from more than one direction to form a puddle of fluid that uniformly diffuses 
through the porous element 

The volume of trigger solution is chosen to be slightly larger than the fluid capacity of the porous element 

35 Thus volumes in the range of 50-1 00 uL are preferred. Signal integration times longer than the residence time 
of the triggered reaction mixture in the porous element are used. The chemiluminescent reaction takes place 
on the surface of the porous element as well as from in the interstice of porous element 

Hydrogen peroxide concentration in the alkaline peroxide solution used to trigger the chemiluminescent 
reaction on the porous element is kept at 0.1-1 .0% by volume in 0.25 N sodium hydroxide solution. A preferred 

40 concentration is 0.3% hydrogen peroxide solution in 0.25 N sodium hydroxide solution. Typically chemilumi- 
nescent reactions in solution are triggered with alkaline hydrogen peroxide containing approximately 0.03% 
by volume hydrogen peroxide in 0.1-0.25 N sodium hydroxide solution. Higher peroxide concentrations of the 
trigger solution generate higher signal in a short period of time before triggered reaction mixture diffuses 
through the porous element. 

45 Alkaline phosphtase/dioxetane chemiluminescence can be triggered outside the detector head and the sig- 
nal is collected after the enzyme substrate reaction reaches a steady state. In this case trigger solution pump, 
lines and injectors are not used. Signal is collected after the detection head mates with the disposable as is 
indicated by a signal from the shroud-down sensor. Alternatively the signal is collected in a rate mode. The 
trigger solution pump and lines can be used to deliver the substrate solution and the change in CL intensity 

so as a function of time is calculated by performing a series of short duration readings over a period of time. Pre- 
ferred enzyme labels and substrates are alkaline phosphatase and 3-(2'-spiroadamantane)-4-methoxy-4-(3 n - 
phosphoryfoxy)phenyf-1,2-dioxetane (AMPPD) substrate, fj-galactosidase can also be used as a label and 3- 
(2 , -spiroadamantane)-4-methoxy-4-(3"-p-D'-galactopyrano-yloxy)phenyl-1,2-dioxetane (AMPGD) can be 
used as a substrate. 

55 The light pip directs emitted chemiluminescent signal to a photomultipli r tub and d tection electronics. 

A preferred signal coll ction method is the use of single photon counting techniques. Detecting low fight level 
signals is known to those skill d in the art. Cooled photodiodes, avalanche photodiodes, intensified vidicon 
tubes or microchannel plates can be substituted for th photomultiplier tub without deviation from th spirit 
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of th invention. A preferred light guide configuration is a highly polished quartz rod 8 mm in diameter and 0.5- 
to 3 inches long. Th length of the light pipe is not important as it Is chosen for packaging conv nience. Oth r 
light guide configurations such shaping th nd of th rod t encompass a lens-like structure, us of a prism 
shaped terminus, us of fiber optic bundle or gradient index lens can be contemplated and applied by those 
s skilled in the art and does not deviate from the spirit of this invention. 

The present invention will now be illustrated, but is not intended to be limited, by the following examples: 

Example I 

.- 

10 Precision Activating And Measuring Short-Lived Acridinlum Chemilumlnescence In A Glass Fiber 
Matrix 

The precision of measuring a short-lived chemiluminescence signal in a porous element was determined 
as follows: 

15 50 \il of acridinium labeled anti-HBC antibody conjugate solution (Hepatitis B Core antigen Clinical Lots) 

were manually dispensed on a glass fiber matrix in each of 16 separation and detection wells of a disposable 
reaction tray. Trigger solution was prepared by dissolving tablets containing urea peroxide in 0.25 M sodium 
hydroxide to yield effective peroxide concentration of 0.3%. The tray was moved under the detector head de- 
vice of the present invention. The detector head was lowered to mate with the first two wells of the disposable 

20 tray and create a light-tight compartment. The high voltage to the PMTs was gated on and allowed to equilibrate 
for 3 seconds. Dark counts were then collected on one of the PMTs for 6 seconds. The trigger pump was ac- 
tivated and the valve directed the trigger solution to the separation and detection well under this PMT. 85 uL 
of 0.3% alkaline peroxide solution were injected through the two injectors and the triggered signal integration 
started simultaneously and continued for 6 seconds. integrating The dark counts of the second PMT was then 

25 started for 6 seconds followed by activating and simultaneously counting the chemiluminescence signal for 6 
seconds. The detector head was then lifted upward to clear the tray and the tray advanced so that two new 
wells were located under the detector head. The detector head was lowered and the process of dark count 
and triggered counts was repeated on the rest of the 8 rows of wells on the disposable reaction tray. The data 
is shown in Table 1. 

30 



35 



40 



45 



50 



55 
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Table 1 

Precision Activating And Measuring Short-Lived Chemiluminescence From 
Acridinium Labeled Anti-HBC In A Glass Fiber Matrix 



10 



15 



20 



Side A 

Dark counts Trigger counts 



Side B 

Dark counts Trigger counts 



39 
29 
57 
31 
39 
35 
35 
28 



38275 
40177 
40244 
39742 
40141 
39615 
40306 
39839 



37 
38 
34 
31 
31 
38 
32 
41 



35548 
34476 
34348 
34650 
34952 
33780 
34990 
34523 



25 



Mean 37 
SD 9 
%CV 



39792 
- 663 
1.7 



35 
6 



34658 
186 
1.5 



30 

The low dark counts indicate that a light tight seal has been achieved between the disposable device and the 
detector head. The low %CV indicate the reproducibility of activating and detecting a short-lived chemilumi- 
nescence signal within a porous element. 

35 Example II 

Reproducibility Activating And Measuring A Chemilumlnescent Signal From Luminescent Microparti- 
cles Immobilized On A Porous Element 

40 Acridinium sulfonamide labeled antibody to Hepatitis B core antigen (pooled, 5 ug/mL), was diluted in con- 
jugate diluent, containing 50% fetal calf serum (Abbott Laboratories, North Chicago, IL), 2% human plasma, 
0.1%Tween®-20, 0.1% ethylenediamine tetra acetic acid and 0.1% sodium azide in phospate buffered saline, 
pH 6.8. The final conjugate concentration was 150 ng/mL Carboxylated polystyrene microparticles coupled 
to antibody to Hepatitis B core antigen as an undercoat and then with recombinant Hepatitis B core antigen 

45 were pooled from lots prepared for clinical trials and contained 0.3% solids by weight Microparticles were sus- 
pended in phosphate buffered saline (Abbott Laboratories, North Chicago, IL), pH 7.2, containing 16% sucrose. 
A 0.1% solution of Tween®-20 in phosphate buffered saline, pH 7.2, was used as a transfer solution. Lumi- 
nescent microparticles were prepared by mixing 50 mL of conjugate solution and 50 mL of microparticles sus- 
pension. The reaction mixture was incubated in a water bath at 40°C for two hours. It was then let stand at 

so room temperature for 24 hours to ensure complete binding of acridinium sulfonamide labeled antibodies to the 
antigen labeled microparticles. 

100 nL of luminescent microparticles were dispensed on the porous fibrous glass matrix in each of the 16 
read wells of a disposable reaction tray as described in Example 1 were allowed to drain through. The micro- 
particl s were washed with 100 uL of fetal calf serum, 100 nL of de-ionized water and two aliquots 300 |iL ach 

55 of a 0.1% Tween®-20 solution. The disposable tray was linearly moved to a subsequent position wher the 
chemiluminescence detection head of the pr sent invention was lowered to create a light tight s al with th 
disposable tray. The immobiliz d and washed microparticles on the glass fiber matrix were trigger d using 
0.3%alkalin p roxide solution and the resulting chemiluminescence signal was integrated for a period fsix 
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seconds. The mean and standard deviation for each eight wells on each side of th disposabt w r calculated. 



Table 2 

5 Reproducibility Activating And Measuring A Chemiluminescent Signal 
From Luminescent Microparticles Immobilized On A Porous Element. 

10 Dark counts Trigger counts Dark counts Trigger counts 

37 53023 42 49956 

40 54573 47 49473 

15 38 54214 52 49473 

45 54664 34 48586 

43 55471 37 47624 

44 55446 43 47624 



20 



25 



30 



35 



42 55084 54 47898 

62 54450 44 48053 

Mean 44 54616 44 48588 

SD 7 234 7 220 

%CV 1.4 1.8 



The low dark counts indicate that a light tight seal has been achieved between the disposable device and the 
detector head. The low %CV indicate the reproducibility of en trapping luminescent microparticles and of ac- 
tivating and detecting a short-lived chemiluminescence signal within a porous element. 

EXAMPLE III 

Microparticle-Based Sandwich CUAfor Hepatitis B Surface Antigen. 

40 An Ay and an Ad sensitivity panels and positive and negative controls for Hepatitis B Surface antigen (Ab- 
bott Laboratories, North Chicago, IL) chemiluminescence conjugate acridinium labeled goat polyclonal anti- 
body (0.17 ug/mL) was employed. 

A conjugate diluent was prepared comprising 0.1 M monosodium phosphate, 0.1 M disodium phosphate, 
0.1% sodium azide and 53% calf serum (Abbott Laboratories North Chicago, IL), 10% normal human serum 
45 and was filtered through 0.45 u,m Nalgene disposable sterile filter (Nalge Company, Division of Sybron Cor- 
poration, Rochester, NY). It was adjusted to a final pH of 6.3 and finally filtered through a 0.2 \im Nalgene Filter. 

Carboxyiated polystyrene microparticles (0.21 urn) were coupled to IgM anti-HBsAg antibodies using 
EDAC coupling procedure, and having a total solids content of 0.24%. 

The washing solution contained 0.1 M borate, 0.02% lithium dodecyl sulfate, 0.9% sodium chloride and 
so 0.1 % sodium azide. 

200 u,L of control or sample were pipetted into the shallow reaction wells of a disposable tray as described 
in Example 1 using an automatic pipettor. 30 uL of latex particles coated with monoclonal IgM mouse-anti- 
hepatitis B surface antigen were dispensed into each incubation well. The reaction mixture was incubated for 
20 minutes in a heated tunnel at 402C with the disposable device moving into th tunnel by a timing belt at 
55 increments of .8 inches per assay step. It remains in position for 72 s conds for performing an assay step, 
then it increments again at 0.8 inches for th next assay step. 

Th r action mixture was transferred and wash d from shallow incubation well ont the glass fiber matrix 
of read well, by injecting two pulses 300 u.L ach of the wash solutions using the method of transfer as descibed 
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10 



herein. After th transfer and wash solution has drained down the absorbant pad, 30 uL acrid in ium lab I d 
polyclonal goat anti human HBS antibodies were dispensed on each fibrous pad. The disposable was moved 
onth timing b It to allow subs quentw II pairs to pass under the transfer device and to affect transfer of the 
reaction mixture. Th disposable tray was incubated for 30 more minutes in the tunnel using the same moving 
timing belt as it is moved to a washing position. The transferred microparticles that are retained on the glass 
fiber matrix and the added acridinium labeled antibodies were subsequently washed with three aliquot, 100 
\lL each of wash solution containing 0.1 % sodium dodecyt sulfate, from a wash nozzle. The disposable tray 
was moved at the same rate to a read position where the chemiluminescence detection head of the present 
invention was lowered to mate with the surface feature on the first two wells on the disposable to create a 
light-tight seal. The transferred and washed microparticles were triggered using 0.3% alkaline peroxide solu- 
tion. The measured signal for each well was considered to correspond to the amount of acridinium labeled con- 
jugate attached to the microparticles and hence directly related to the concentration of the Hepatitis B surface 
antigen in the sample. 



15 



20 



Table 3 

Microparticle Capture Chemiluminescence Immunoassay for Hepatites B 

Surface Antigen: 
Sensitivity Panel Data. 



25 


Member 


Concentration 
ng/mL 


Counts/ 6 sees 


%CV 




ADA 


■ 1.90 


19270 


5.8 


30 


ADB. 


1.48 


15659 


6.2 


ADC 


0.92 


10756 


7.1 




ADD 


0.74 


8945 


4.9 




ADE 


0.51 


6717 


5.2 


35 


ADF 


0.41 


5751 


5.3 




ADG 


0.31 


4547 


2.1 




ADH 


0.10 


2840 


4.2 


40 


AYA 


2.05 


23751 


4.5 




AYB 


1.11 


14242 


3.7 




AYC 


0.83 


11216 


4.9 


46 


AYD 


•0.67 


8455 


2.2 




AYE 


053 


7132 


4.7 




AYF 


0.44 


6295 


4.8 




AYG 


0.30 


4926 


4.9 


SO 


AYH 


0.14 


2911 


4.0 




Negative Control 




1247 


8.3 


55 


Positive Control 




115219 


6.1 
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The standard deviation for tw Ive replicates of the negativ control was 104. The cut-off value of the assay 
calculated by adding 10 standard deviations to the mean of th negative control was 2287 counts. Thus, con- 
centrations of Hepatitis B Surface Antigen as low as 0.10 ng/mL of the AD subtype and 0.14 ng/mLof the AY 
subtype can be quantifi d using a microparticle captur chemiluminescence immunoassay and the method 
5 and device of the present invention. Using the same criterion to the data published in Table 4 of Clin. Chem .27, 
1378-1384 (1981), yields a lowest limit of quantitation of 5 ng/mL Thus, a limit of quantitation of Hepatitis B 
surface antigen one order of magnitude lower than reported using prior art techniques can be achieved using 
the device and method of this invention. 

.- 

10 EXAMPLE IV 

Ion-Capture Alkaline Phosphatase Labeled Chemiluminescence Competitive Binding Immunoassay 
For A Hapten. 

15 This example shows the use of the detection device and method of this invention in a competitive binding 

assay for the abused drug phenyl eyelid in e (PCP). This assay is performed on urine specimens and uses the 
ion capture U immunoassay procedure described herein. The formation of the immune complex involves the 
use of an anionic polymer as a capture agent The reaction mixture is transferred to the detection well of said 
device and and the product of the immunochemical reaction is immobilized by ionic forces on a porous plug 

20 that has been previously treated with a solution of a cationic polymer to render it positively charged. 

Anti-phenytcyciidine antibodies were labeled with alkaline phosphatase using art procedures known in the 
art The labeled antibody solution was diluted in a solution containing 1% fish gelatin, 25 mM Tris, 100 mM 
sodium chloride, 1 mM magnesium chloride, 0.1 mM zinc chloride, and 0.1% sodium azide. The pH of the sol- 
ution was 7.2 Prewet and transfer solutions were IMx buffer (Abbott Laboratories, North Chicago, IL) containing 

25 25 mM Tris, 0.3 M sodium chloride, 0.1% sodium azide, pH 7.2. The cationic polymer was a 0.5% aqueous 
solution of Celquat™ L-200 (National Starch and Chemical Company; Bridgewater, NJ) in 10 mM sodium chlor- 
ide. 

The capture agent, phenylcydidine-polyglutamic acid, was prepared as follows: 

1 gm of polyglutamic acid sodium salt (Sigma Chemical Company, St. Louis, MO) was added to 7 gms of 

30 AG50W-X8 ion exchange resin (Bio-Rad, Richmond, CA) in 20 mL water and stirred overnight Liquor was re- 
moved and lyophilized to give free acid polyglutamic acid (PGAFA). 

Phenylcydidine-4-chloroformate was prepared by reacting 1.1 mg 4-hydroxyphenylcyclidine (4.24x1 Or 8 
moles) in 0.5 mLtetrahydrofuran with 0.5 mL of 10% solution of phosgene in benzene (130 mole excess). The 
reaction was allowed to proceed for 2.5 hours at room temperature. Solvent was evaporated under a stream 

35 of nitrogen to yield a residue of phenylcydidine-4-chioroformate. The residue was dissolved in 0.5 mL tetra- 
hydrofuran and 1.7 mg of free acid polyglutamic acid (molecular weight 40,000) in 0.5 mL 1-methyl-2-pyrroli- 
d in one was added to it The reaction was carried out overnight at room temperature then the reaction mixture 
was evaporated to dryness. The dried mixture was dissolved in 1.5 mL 0.1 M phosphate buffer, pH 7.0 and 
dialyzed against a volume of the same buffer in a 3,500 molecular weight cut-off dialysis bag. The precipitate 

40 was filtered. The cloudy aqueous filtrate was extracted with methylene chloride until it was clear. The aqueous 
layer was diluted in a buffer containing 1% fish gelatin, 25 mM Tris, 100 mM sodium chloride, 1 m magnesium 
chloride, 0.1 mM zinc chloride and 0.1% sodium azide at pH 7.2 to yield 55.0 ugmPGA/mL phenylcyclidine- 
PGA capture reagent 

Samples were phenylcyclidine calibrators from a TDx™ fluorescence polarization immunoassay kit (Abbott 
45 Laboratories, North Chicago, IL). Containing 250,120,60,25, and 0 ng/mL phenylcyclidine in human urine as 
confirmed by independent analytical methods. The glass fiber matrix of a disposable reaction tray as described 
herein was treated with 50 uLof a 0.5% Celquat™ L-200 (National Starch and Chemical Company, Bridgewater, 
NJ 06807) in a 10 mM solution of sodium chloride. The Celquat™ L-200 solution was manually applied to each 
glass fiber matrix. 150 \iL sample (PCP calibrators), 45 u.L IMx buffer, and 420 u.L alkaline phosphatase labeled 
so anti-phenylcydidine antibody solution were incubated in test tubes in a water bath at 37° C for 10 minutes. 
300 uL of the phenylcyclidine polyglutamic acid capture reagent and 45 u.L IMx buffer were added to the re- 
action mixture and incubated for 10 more minutes at 37° C. 200 u.L of the reaction mixture was manually trans- 
ferred onto the treated glass fiber matrix of the reaction tray using a manual pipettor. The excess reagents 
wer washed by manually disp nsing two 75 u.L aliquots of IMx buff r on th porous fibrous glass plug. 100 
55 ^ of a chemiluminescent substrate, 3-(2'-spiroadamantan )-4-methoxy-4-(3 M -phosphoroxy)phenyl-1 ,2-diox- 
etane disodium salt (AMPPD) in a 50 mM sodium bicarbonat solution containing 1 mM magnesium chloride 
at a pH of 9.5, was dispensed ont the glass fib r matrix using an FMI-RH pump (Fluid Metering Inc., Oyster 
Bay, NY) and was incubated in the glass fiber matrix for 10 minut s. The pump, track and d t ction headfunc- 
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tions wer controll d by an IBM PC/XT. Track stepper motor was controlled with a stepp r motor controller 
board (Scientific Solutions, Solon, OH). The FMI pump was controlled through a Triac interface consisting of 
MOC 3031 Opto Triac Driv r and MAC 3030-8 triac (Motorola Inc., Semiconductor Division, Pheonix, A2). The 
tray was then mov d under the detector devic of th pres nt invention. Substrate dispensing and chemilu- 
s minescence signal detection were controlled in such a way that the substrate incubation time in ail glass fiber 
matrices were the same. The detector head was lowered to mate with the disposable device and create a light- 
tight compartment for chemilu minescence measurement. The chemiluminescence was integrated for 6 sec- 
onds per well, as shown in Table 4. 

10 

Table 4 

Ion-Capture Alkaline Phosphatase Labeled Chemiluminescence Competitive 
is Binding Immunoassay for Phenylcyclidine in Urine. 



20 


Phenylcyclidine 
[ng/mL] 


Chemiluminescence signal 
counts/6 seconds 


Net Polarization 
AmP 


25 


0 


3526 


198 




25 


2162 


173 




60 


1440 


144 




250 


1016 


82 


30 









The last column shows the change in degree of polarization of a PCP analog E labeled with fluorescein as it 
binds to anti-PCP antibody in a competitive 1 binding assay in solution. The trend in the chemiluminescence 
35 signal of the a entrapped product on the glass fiber matrix parallels that of fluorescence polarization techniques 
known in the art in solution using a commercially I available fluorescence polarization analyzer (TDx Analyzer, 
Abbott Laboratories, North Chicago, IL) and commercially available fluorescence 1 polarization kits (Abbott 
Laboratories, North Chicago, IL). 

40 EXAMPLE V 

Ion-Capture Acridinlum Labeled Chemiluminescence Competitive Binding Immunoassay for a Hapt- 
en. 

46 The present example shows the use of the device and method of this invention in a competitive binding 
assay for the abused drug phenylcyclidine (PCP). This assay is performed on urine specimens and uses the 
ion capture immunoassay procedure as described herein. The immune complex was formed in the shallow 
reaction well of the disposable tray as described herein : and involves the use of an anionic polymer as a cap- 
ture agent. The reaction mixture was transferred to the read well of the device and the Immunochemical re- 

50 action product was immobilized by ionic forces on the glass fiber matrix of the device which had been previously 
treated with a solution of a cationic polymer. 

Monoclonal anti-phenylcyclidine antibody was labeled with acridinium sulfonamide using EDAC coupling 
procedures known in the art. It was kept in the same buffer used for the anti-core conjugate of Example 3. The 
prewet and transfer solutions were IMx buffer (Abbott Laboratories, North Chicago, IL) containing 25 mM Tris, 

55 0.3 M sodium chloride, 0.1% sodium azid , pH 7.2. 

Th cationic polymer was a 0.5% aqueous solution of Celquat™ L-200 (National Starch and Chemical Com- 
pany; Bridgewater, NJ) in 10 mM sodium chlorid , and the anionic captur agent phenylcyclidine- poly glutamic 
acid was prepared according to the procedure of Exam pi IV. 
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Samples w re phenylcyclidine calibrators from a TDx™ fluorescence polarization immunoassay kit (Abbott 
Laboratories, North Chicago, IL). They contained 500,250,120,60,25, and 0 ng/mL phenylcyclidine in human 
urin . 80 uL of IMx Tris buff r solution follow d by 80 uL Celquat™ L-200 solutions were dispensed on th 
glass fiber matrices of th disposable reaction tray. Solutions were dispensed using two FMI-RH pumps and 

5 controlled via a triac board by an Intel 310 Development System (Intel Inc., Sunnyvale, CA). The tray was 
moved on a linear track using a timing belt and a stepper motor. The stepper motor was controlled by a board 
employing components known in the art. After 4.8 minutes, 50 uLof calibrator (sample) was pipetted into the 
shallow reaction wells of a disposable reaction tray, using an automated pipettor. 50 \xL of acrid inium labeled 
anti-PCP antibodies was dispensed into each incubation well. TImjriixture was incubated for 9.6 minutes in a 

10 heated tunnel at 32?C with the disposable device moving into the tunnel by the timing belt in steps at the rate 
of 0.8 inches per minute, the reaction tray being stationary for 36 seconds after each step for a reaction step 
to take place. After 9.6 minutes incubation on the moving timing belt, 50 \iL a solution containing PCP-PGA 
capture reagent at a concentration of 1 .9 mg PGA/mLwas dispensed into the incubation well through a tip cen- 
tered on the well. The capture reagent solution was dispensed by an FMI-RH pump and controlled by the 310 

15 Development system through a triac interface board. The reaction mixture was further incubated for 9.6 min- 
utes. The quaternary ammonium polymer-treated glass fiber matrices were rinsed with 1 00 u.L of the IMx buffer 
before reaction mixture transfer. 

As the disposable tray was positioned under the transfer device as described herein, the reaction mixture 
was transferred and washed from the shallow incubation well onto the pre-treated glass fiber matrix in the 

20 detection well. The disposable tray was moved on the timing belt to allow subsequent well pairs to be located 
under the transfer device and to affect transfer of the reaction mixture. The disposable device was then moved 
to a read position, where the chemiluminescence detection head of the present invention was lowered to mate 
with the surface feature on the first two wells on the disposable to create a light-tight seal. The retained and 
immobilized immune complex on the glass fiber matrix was triggered using 0.3% alkaline peroxide solution in 

25 0.25 M NaOH and the signal from each PMT /amplifier was controlled by a counter/timer board and each side 
was triggered with an independent pump. The photon counter signal was integrated for eight seconds. The 
measured signal for each well was considered to correspond to the amount of acrid inium labeled conjugate 
attached to the glass fiber matrix surface by ionic forces. The data is shown in Table 5 and is expressed as 
the number of counts and as % inhibition. The last column shows the change in degree of polarization of a 

30 PCP analog labeled with fluorescein as it binds to anti-PCP antibody in a competitive binding assay in solution. 
The trend in the chemiluminescence signal of the entrapped product on the glass fiber matrix parallels that of 
prior art fluorescence polarization in solution using a commercially available fluorescence polarization analyzer 
(TDx Analyzer, Abbott Laboratories, North Chicago, IL) and commercially available fluorescence polarization 
kits (Abbott Laboratories, North Chicago, IL). 

35 The cut-off of this assay was considered to be 25 ng/mL. The data (Table 5) indicate that all controls con- 
taining 25 ng/mL PCP or higher were well differentiated from the negative control which indicates the validity 
of the present invention. 



TABLES 

•Capture Competitive Binding Assay For Phenylcyclidine (PCP) in Urine 



PCP 

45 [ng/mL] Signal Counts %Inhibition Net Polarization 

0 188329 

25 50347 

so 60 30839 

120 23977 

250 20379 

500 19759 



55 

Although the present invention has been described in terms of a prefered embodiment, it is anticipated 
that various modifications and improv ments will occur to thos skill d in the art upon consideration of the 
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present invention. Thus shape, material and color of the vessel, material of th porous element, material and 
shapeofth absorbent mat rial, shap andd signofth light guide, type of detector and method of detection, 
type of peroxide used as urea peroxide or similar compounds, wash solution comp sition, prewet solution com- 
position, and methods of treating porous elements to decrease nonspecific binding and provide the necessary 
5 interactions between the immobilizable complex and the porous element according to the present invention, 
can all be optimized by those skilled in the art Although examples were shown for one step sandwich and com- 
petitive assays, two and more step assays can be performed. 

Microparticles used to perform the solid phase immunoassay are preferably selected to have an average 
diameter smaller than the average effective pore size of the porous element. Although the examples were given 
10 using carboxylated polystyrene particles, other particulate material can be used, such as polystyrene, poly- 
methyl acylate, derivatized cellulose fibers, polyacylamide and the like. 

The ion capture procedures were described using poly glutamic acid as the polyanion acid derivatized poly- 
cationic material and other methods of attachment of these compounds to the assay components or the porous 
element can be used. 

15 Moreover, the assay method of this invention may be extended to smaller molecules or to nucleic acid probe 
assays. Furthermore, although the invention has been described using acrid in ium sulfonamide-labeled and al- 
kaline phosphatase-labeled tracers, it may be extended to other acrid in ium compounds or their analogs or 
even other luminescent compounds. For example, the read head design as described above may accommo- 
date lumlnol type chemiluminescent immunoassays by using two ports for injecting trigger solution and two 

20 other ports for injecting a catalyst solution. It can also be extended to phenol-enhanced chemiluminescence 
assay. 

Apparatus and methods according to the present invention may be employed in assays for the detection 
of viral particles, such as HBsAg or HIV particles, or fragments thereof. Macromolecular disease state markers, 
such as carcinoembryonic antigen ("CEA") and alphafetoprotein ("AFP") may also be detected, as may nutri- 

25 tional status markers, such as vitamin B1 2, folate and ferritin. Also usefully detected by the apparatus and ac- 
cording to the methods of the present invention are hormones (e.g., B-HCG, TSH, LH and FSH), bacteria (e.g. 
streptococci) nucleic acid species (e.g. DNA or RNA). The present invention is also useful in small molecular 
competitive binding assays such as those for T3, T4, free T4 and digoxin. Substances of abuse may be detected 
using the methods and apparatus according to the present invention. 

30 Allergy testing may be carried out by attaching allergen extracts to microparticles forming protein-coated 
microparticles, which may be incubated with body fluid sample to capture specific IgE. In such an assay ac- 
ridinium-labeled goat anti-human IgE may be employed as a conjugate which may be reacted with bound IgE, 
followed by washing, activating and reading of the result 

35 

Claims 

1. Apparatus for performing a chemiluminescent assay comprising: 

a container having an aperture; 
40 a solid, porous element in said container, said porous element having an interactive property with 

a chemiluminescent moiety in a chemiluminescent assay wherein said chemiluminescent moiety is im- 
mobilized by said solid, porous element thereby preventing the migration thereof while permitting passage 
of other reaction components of said chemiluminescent assay; 

means for removing unreacted reagents and sample and wash solution from the solid, porous ele- 

45 ment; 

means, adjacent said aperture, for evenly distributing to said porous element a chemiluminescent- 
activating solution for said chemiluminescent activating reaction; and 

means for photodetection adjacent said aperture which can form a light-tight seal with the container 
for facilitating photodetection of the chemiluminescent activating reaction. 

50 

2. The apparatus of Claim 1 wherein said means for removing unreacted reagents and sample from the sol id 
porous element is a porous absorptive material in said container operatively associated with the solid por- 
ous element which is chemically inactive with respect to a chemiluminescent activating reaction. 

55 3. Th apparatus of claim 1 wherein said aperture is funnel shap d and said m ans for evenly distributing 
comprises a plurality of ports disposed toward an interior surfac of said funnel. 

4. Th apparatus of claim 1 further comprising an incubation chamber, s parat from said container, wherein 
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allorsom of reactants are incubated prior to being transferred to said porous el m nt. 

5. The apparatus of claim 1 wherein said solid, porous element comprises a fibrous matrix. 

6. A method for performing a chemiluminescent assay to determine the amount of analyte in a test sample, 
said method comprising the steps of: 

forming a reaction mixture comprising an analyte from a test sample with a chemiluminescent moi- 
ety, said chemiluminescent moiety capable of binding to said analyte as a function of the amount of ana- 
lyte present in said test sample; 

contacting said reaction mixture with a solid, porous element, said porous element having an in- 
teractive property with said chemiluminescent moiety wherein said analyte bound to said chemilumines- 
cent moiety is immobilized by said interactive property between said chemiluminescent moiety and said 
porous element to thereby prevent said chemiluminescent moiety from migrating from said porous ele- 
ment, means also being provided for removing unreacted reagents and sample and wash solution from 
said porous element; 

distributing a chemiluminescent activating solution onto said porous element, said activating sol- 
ution capable of reacting with said chemiluminescent moiety immobilized to said porous element to pro- 
vide a chemiluminescent signal therefrom; and 

measuring said chemiluminescent signal from said porous element, with said porous element being 
situated in a container having an aperture, by using a detector adjacent said aperture which can form a 
light-tight seal with the container. 

7. The method of claim 6 wherein said distribution step comprises the step of activating a chemiluminescent 
reaction by applying an alkaline oxidizing solution to said porous element. 

8. The method of claim 6 wherein said solid, porous element comprises a fibrous matrix. 

9. A method for performing a competitive chemiluminescent immunoassay to determine the amount of ana- 
lyte present in a test sample, said method comprising the steps of: 

forming a competitive reaction mixture comprising (i) an analyte from a test sample, said analyte 
or a binding analog thereof labeled with a chemiluminescent moiety, and a binding partner for said analyte 
or (ii) an analyte from a test sample, a binding partner for said analyte labeled with a chemiluminescent 
moiety, and an immobilizable form of said analyte or analyte thereof; 

contacting said reaction mixture with a solid, porous element, said porous element having an in- 
teractive property with said binding partner or said immobilizable form of said analyte wherein said chem- 
iluminescent moiety is immobilized by said interactive property therebetween to thereby prevent said 
chemiluminescent moiety from migrating from said porous element, means also being provided for re- 
moving unreacted reagents and sample and wash solution from said porous element; 

distributing a chemiluminescent activating solution onto said porous element, said activating sol- 
ution capable of reacting with said chemiluminescent moiety immobilized to said porous element through 
said binding partner to provide a chemiluminescent signal therefrom; and 

measuring said chemiluminescent signal from said porous element, with said porous element being 
situated in a container having an aperture, by using a detector adjacent said aperture which can form a 
light-tight seal with the container. 

10. The method of claim 9 wherein said distributing step comprises the step of activating a chemiluminescent 
reaction by applying an alkaline oxidizing solution. 

11. The method of claim 9 wherein said solid, porous element comprises a fibrous matrix. 



Patentanspruche 

1. Vorrichtung zur Durchfuhrung eines Chemilumineszenz-Assays, die folgendes umfa&t 
einen Ben alter, der ein Gffnung aufw ist; 

ein f stes poroses Element in dem Behalter, wobei das p rose Element eine Wechselwirkungsei- 
g nschaftmiteinerchemilumineszentenGrupp in ein m Chemi I urn ineszenz- Assay aufweist, wobei di 
chemilumin szente Gruppe von dem festen porosen Element immobilisiert wird, wodurch die Wanderung 
derselben verhindert wird, wahrend der Durchgang anderer Reaktionskomponent n des 
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Ch milumineszenz-Assays erlaubt wird, 

ein Mittel zum Entf men von nicht umgesetzten R agenzien und der Prob und der Waschldsung 
aus dem festen pordsen EI ment, 

ein Mittel, das an die Offnung angrenzt, zur gleichma&igen Verteilung einerdie Chemilumineszenz 
aktrvierenden Ldsung fur die Chemilumineszenz-Aktivierungs-Reaktion auf dem pordsen Element, und 

ein Mittel zur Photodetektion, das an die Offnung angrenzt, und das lichtdicht mit dem Behalter 
verbunden werden kann, urn die Photodetektion der Chemilumineszenz-Aktivierungs-Reaktion zu er- 
leichtern. 

Vorrichtung nach Anspruch 1, wobei das Mittel zum Entfernen der nicht umgesetzten Reagenzien und 
der Probe aus dem festen pordsen Element ein poroses saugfahiges Material in dem Behalter ist, das mit 
dem festen pordsen Element zusammenwirkend angebracht ist, das hinsichtlich einer 
Chemilumineszenz-Aktivierungs-Reaktion chemisch inaktiv ist. 

Vorrichtung nach Anspruch 1, wobei die dffnung trichterformig ausgebildet ist, und wobei das Mittel zur 
gleichfdrmigen Verteilung eine Mehrzahl von Eingangen umfa&t, die auf eine innere Oberflache des Trich- 
ters hin ausgerichtet sind. 

Vorrichtung nach Anspruch 1, die ferner eine Inkubationskammer umfa&t, die von dem Behalter getrennt 
ist, wobei darin alle oder einige Reaktanden vor ihrer Uberf uhrung in das pordse Element inkubiert wer- 
den. 

Vorrichtung nach Anspruch 1, wobei das feste pordse Eement eine faserige Matrix umfa&t. 

Verfahren zur Durchfuhrung eines Chemilumineszenz- Assays zur Bestimmung der Menge an Analyt in 
einer Testprobe, wobei das Verfahren folgende Schritte umfaRt: 

Bilden einer Reaktionsmischung, die einen Analyten aus einer Testprobe zusammen mit einer 
chemilumineszenten Gruppe umfa&t, wobei die chemilumineszente Gruppe als Funktion der Menge an 
in der Testprobe vorhandenem Analyt an diesen zu binden vermag; 

In-Kontakt-Bringen der Reaktionsmischung mit einem festen pordsen Element wobei das pordse 
Element eine Wechselwirkungseigenschaft mit der chemilumineszenten Gruppe aufweist, wobei der 
Analyt, der an die chemilumineszente Gruppe gebunden ist, aufgrund dieser Wechselwirkungseigen- 
schaft zwischen der chemilumineszenten Gruppe und dem pordsen Element immobilisiert wird, wodurch 
die chemilumineszente Gruppe daran gehindert wird, von dem pordsen Element abzuwandern, wobei 
auch ein Mittel zum Entfernen von nicht umgesetzten Reagenzien und der Probe und der Waschlosung 
aus dem pordsen Element zur Verf ugung gestellt ist; 

Verteilen einer die Chemilumineszenz aktivierenden Ldsung auf dem pordsen Element, wobei die 
aktivierende Ldsung zur Reaktion mit der chemilumineszenten Gruppe fahig ist, die auf dem pordsen Ele- 
ment immobilisiert ist, urn daraus ein chemilumineszentes Signal zur Verf ugung zu stellen; und 

Messen des chemilumineszenten Signals des pordsen Elementes, wobei sich das pordse Element 
in einem Behalter mit einer dffnung bef indet, indem ein Detektor verwendet wird, der an die Off ung an- 
grenzt und der lichtdicht mit dem Behalter verbunden werden kann. 

Verfahren nach Anspruch 6, wobei der Verteilungsschritt den Schritt der Aktivierung einer 
chemilumineszenten Reaktion durch das Aufbringen einer alkalischen oxidierenden Ldsung auf das po- 
rdse Element umfaRt. 

Verfahren nach Anspruch 6, wobei das feste pordse Element eine faserige Matrix umfa&t 

Verfahren zur Durchfuhrung eines Konkurrenz- Chemilumineszenz- Immunoassays zur Bestimmung der 
Menge an Analyt, die in einer Testprobe vorhanden ist, wobei das Verfahren die folgenden Schritte umfa&t: 

Bilden einer Konkurrenz-Reaktlonsmischung, die folgendes umfa&t (i) einen Analyten aus einer 
Testprobe, den Analyt oder ein Bindungsanalogon desselben, der/das mit einer chemilumineszenten 
Gruppe markiert ist, und einen Btndungspartnerfurden Analyten, oder(ii) einen Analyten aus einer Test- 
probe, einen Bindungspartnerfur den Analyten, der mit ein rchemiluminesz nten Gruppe markiert ist und 
in immobilisierbar Form des Analyten oder des Analogons desselben; 

In-Kontakt-Bringen d r Reaktionsmischung mit einem fest n p rdsen El ment, wobei das pordse 
Element eine Wechselwirkungseigenschaft mit dem Bindungspartn r oder der immobilisierbaren Form 
des Analyten aufweist, wobei die chemilumineszent Grupp aufgrund d r Wechselwirkungseigenschaft 
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zwischen den b iden immobilisiert wird, wodurch die chemilumineszent Gruppe daran g hindert wird, 
von dem porosen El m nt abzuwandern, wobei auch ein Mittel zum Entf men von nicht umgesetzten 
Reagenzi nundd r Probe und der Waschlosungaus dem fest npords n Element zur Verfugungg st lit 
ist; 

Verteilen elner die Chemilumineszenz aktivlerenden Losung auf dem porosen Element, wobei die 
aktivierende L6sung zur Reaktion mitder chemilumineszenten Gruppe fahig ist, die auf dem porosen Ele- 
ment uber den Bindungspartner immobilisiert ist, urn daraus ein chemilumineszentes Signal zur Verfii- 
gung zu stellen; und 

Messen des chemilumineszenten Signals von dem porosen Element, wobei sich das porose Ele- 
ment in einem Behalter mit einer Of fnung bef indet, indem ein Detektor verwendet wird, der an die Of fnung 
angrenzt, und der lichtdicht mit dem Behalter verbunden werden kann. 

10. Verfahren nach Anspruch 9, wobei der Verteilungsschritt den Schritt der Aktivierung einer 
chemilumineszenten Reaktion durch das Aufbringen einer alkalischen oxidierenden Losung umfa&t. 

11. Verfahren nach Anspruch 9, wobei das feste porose Element eine faserige Matrix umfa&t. 



Revendlcatlons 

1. Appareil destine a proceder a un dosage chimioluminescent comprenant : 

un recipient possedant une ouverture, 

un element poreux solide dans ledit recipient, ledit element poreux presentant une propriete d'in- 
teraction avec une fraction chimioluminescente dans un dosage chimioluminescent, ladite fraction chi- 
mioluminescente etant immobilisee par ledit element poreux solide, ce qui empeche sa migration tout en 
permettant le passage d'autres composants reactionnels dudit dosage chimioluminescent, 

un moyen destine a eliminer les react ifs et I'echantillon qui n'ont pas reagi, ainsi que la solution 
de lavage a partir de ('element poreux solide, 

un moyen, contigu a ladite ouverture, destine a distribuer uniformement audit element poreux une 
solution activant la chimioluminescence pour ladite reaction activant la chimioluminescence et 

un moyen de photodetection, contigu a ladite ouverture, qui peut former une fermeture etanche a 
la lumiere avec le recipient pour faciliter la photodetection de la reaction activant la chimioluminescence. 

2. Appareil selon la revindication 1, dans lequel ledit moyen destine a eliminer les reactifs et I'echantillon 
qui n'ont pas reagi a partir de I'element poreux solide est un materiau absorbant poreux dans ledit recipient 
associe de maniere fonctionnelle audit element poreux solide qui est chimiquement inactif par rapport a 
une reaction activant la chimioluminescence. 

3. Appareil selon la revendication 1, dans lequel ladite ouverture a fa forme d'un entonnoir et ledit moyen 
destine a distribuer uniformement com pre nd une divers ite d 'orifices places du cote d'une surface inte- 
rieure dudit entonnoir. 

4. Appareil selon la revendication 1 , comprenant de plus une chambre d'incubation, separee dudit recipient, 
dans laquelle tous les corps reagissants ou quelques corps reagissants sont incubes avant d'etre trans- 
feres audit element poreux. 

5. Appareil selon la revendication 1 , dans lequel ledit element poreux solide comprend une mat rice f ibreuse. 

6. Precede destine a proceder a un dosage chimioluminescent pour determiner la quantite d'une substance 
a analyser dans un echantillon a tester, ledit precede comprenant les etapes consistant a: 

former un melange reactionnel comprenant une substance a analyser provenant d'un echantillon 
a tester avec une fraction chimioluminescente, ladite fraction chimioluminescente etant capable de se 
fixer a ladite substance a analyser en fonction de la quantite de la substance a analyser presente dans 
ledit echantillon a tester, / 

mettre n contact I dit melange reactionnel et un element poreux solid , I dit elem nt poreux pre- 
s ntant un propriete d'interaction avec ladit fraction chimioluminesc nte, ladit substance a analyser, 
fixee a ladite fraction chimioluminescente, etant immobilisee par ladite propriete d'interaction entre ladite 
fraction chimioluminescente et (edit element poreux, ce qui empeche la migration de ladite fraction chi- 
mioluminescent a partir dudit element poreux, un moyen etant egalement fourni pour eliminer les reactifs 
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et I'echantillon qui n'ont pas reagi, ainsi que la solution d lavage a partir dudit element por ux, 

distribuer une solution activant la chimioluminescence sur ledit element por ux, ladite solution ac- 
tivate etant capable d reagirav c ladite fraction chimiol urn in see nte immobi Usee sur ledit element po- 
reux pour proposer un signal chimioluminesc nt et 

mesurer ledit signal chimioluminescent provenant dudit element poreux, ledit element poreux etant 
place dans un recipient possedant une ouverture, en utilisant un detecteur contigu a ladite ouverture qui 
peut former une fermeture etanche a la lumiere avec le recipient. 

7. Procede selon la revendication 6, dans lequel ladite etape dejjistribution com p rend l'6tape d'activation 
d'une reaction chimioluminescente en appliquant une solution oxydatrice alcaline audit element poreux. 

8. Procede selon la revendication 6, dans lequel ledit element poreux solide comprend une matrice f ibreuse. 

9. Procede destine a proceder a un dosage immunochimioluminescent competitif pour determiner la quan- 
tity d'une substance a analyser pre sen te dans un Echantillon a tester, ledit procede comprenant les 6 tapes 
consistant a : 

former un melange reaction n el competitif comprenant (i) une substance a analyser provenant d'un 
echantillon a tester, ladite substance a analyser ou son analogue de liaison marques par une fraction chi- 
mioluminescente, ainsi qu'un parte na ire de liaison pour ladite substance a analyser ou (ii) une substance 
a analyser provenant d'un echantillon a tester, un parte na ire de liaison pour ladite substance a analyser 
marquee d'une fraction chimioluminescente, ainsi qu'une forme immobilisable de ladite substance a ana- 
lyser ou sa substance a analyser, 

mettre en contact ledit melange reactionnel et un element poreux solide, ledit element poreux pre- 
sentant une propriete d'interaction avec ledit partenaire de liaison ou ladite forme immobilisable de ladite 
substance a analyser, ladite fraction chimioluminescente etant immobi I isee par ladite propri6te d'interac- 
tion, ce qui empfiche la migration de ladite fraction chimioluminescente a partir dudit element poreux, un 
moyen etant egalement fourni pour eliminer les reactifs et I'echantillon qui n'ont pas reagi, ainsi que la 
solution de lavage a partir dudit element poreux, 

distribuer une solution activant la chimioluminescence sur ledit element poreux, ladite solution ac- 
tivante etant capable de reagir avec ladite fraction chimioluminescente immobilisee sur ledit element po- 
reux par Pintermediaire dudit partenaire de liaison pour proposer un signal chimioluminescent et 

mesurer ledit signal chimioluminescent provenant dudit element poreux, ledit element poreux etant 
place dans un recipient possedant une ouverture, en utilisant un detecteur contigu a ladite ouverture qui 
peut former une fermeture etanche a la lumiere avec le recipient. 

10. Procede selon la revendication 9, dans lequel ladite etape de distribution comprend I'etape d'activation 
d'une reaction chimioluminescente en appliquant une solution oxydatrice alcaline. 



11. Procede selon la revendication 9, dans lequel ledit element poreux solide comprend une matrice f ibreuse. 
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FIG. 3 
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FIG. 6 
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